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SUMMARY AND CONCLUSIONS 


An extensive review of grain quality indicators and measurement 
methods was conducted in order to assess the feasibility of using remote 
sensing technology to develop a continuous monitoring system for use 
during grain transfer operations. It was found that there is a large 
number of indicators of grain quality. Many have meaning or are of 
value only for a small segment of the user population but are very 
important to the interested user. Most detection methods were found 
to be too slow or too expensive to be incorporated into the normal 
inspection procedure of a grain elevator on a continuous basis, Pre- 
sent sensor technology is such that, at the present, remote sensing of 
most quality indicators would be both difficult and impractical. 

Two indicators were identified which showed potential for auto- 
mation, however. Moisture content and Broken Corn and Foreign Material 
both show potential for automation and are of an economic value which 
will make an automated system of value to a grain handler. 

A microprocessor based system which utilizes commercially avail- 
able electronic moisture meter was developed and tested. The system 
will control sampling and measuring of moisture content at time intervals 
determined by the user. The system can also calculate running averages, 
send messages when upper and lower limits are exceeded, and perform 
other control functions. The system when tested performed all functions 
expected of it. 

A method for automating BCFM measurement is described. Incorpora- 
tion of BCFM measurement into the microprocessor based system tested 
can be easily accomplished with the development of some rather simple 
mechanical equipment. 

A complete system description is presented along with performance 
test results. 


INTRODUCTION 


At each point in the market system where grain ownershop changes, 
there is need for a determination of the quality of that grain. This 
is necessary in order to establish a price and also to assure that the 
material is suitable for the intended use of the buyer. 

The volume of grain exported by the U.S. in recent years has made 
a major contribution toward reducing our trade deficit. Complaints of 
poor grain quality are detrimental to the expansion of this export trade. 
Improved methods of evaluating grain quality could result in an increase 
in the quality of grain shipped as well as better acceptance of U.S. 
grains on both the domestic and world markets. 

Regardless of the size of a shipment, grain quality assessment is 
currently performed by individual inspectors. Samples are obtained 
manually with the use of probes, evaluation of a sample large enough 
to be representative of large bulks of grain can be both time consuming 
and tedious. An automatic sampling and sensing system should improve 
the reliability, speed and ease of quality assessment. 

This project addressed the problem of automating the quality evalua- 
tion process within a bulk grain handling system. The summary objective 
was to improve grain quality inspection through utilization of existing 
technologies and equipment, Work was carried out in two phases. The 
first phase was an evaluation of automation potential for corn and soy- 
beans. Specific objectives were: 

1. To identify indicators of grain quality for corn and soybeans. 

2. To determine which indicators can be evaluated using an automated 
remote sensing system. 

3. To develop a systems concept for implementation of automated qua- 
lity sensing for corn and/or soybeans. 


The second phase of the project involved the design of selected sub-systems 
of an automated inspection system for corn. Specific objectives were: 

1. To develop an automated moisture content measurement system for 
corn. 

2. To investigate methods for automated evaluation of BCFM. 

3. To design a control and-data handling unit for an automated corn 
quality sensing system. 


PRINCIPLE FINDINGS 


A. Quality Indicators and Measurement Methods. 

An extensive and' detailed literature review was undertaken to 
examine past and present research related to this project. The review 
was to serve two purposes, identify grain quality indicators and reveal 
methods measuring these quality indicators. 

Appropriate books and journals were examined and applicable informa- 
tion was noted. Books pertaining to all phases of grain harvesting, han- 
dling, processing and grading were of interest. Manuals explaining fede- 
ral regulations concerning grain grading gave guidelines for quality 
analysis of grain. Agricultural and chemical journals involving grain 
quality analysis were reviewed and articles of interest were examined 
closely and those found to be of value noted. Abstracts from other scien- 
tific journals provided more information. Journals were reviewed for eight 
to ten years into the past and further if articles of interest were refe- 
renced in earlier issues. 

In addition to this available written review several computer data 
bases were utilized to check for any material that had been missed or 
was unavailable from local sources. The computer stored data bases con- 
tain citations from journals in the area covered by the data base. Three 
data bases that covered our area of interest were chosen to be searched. 
Biosis Previews contained 1,700,000 citations, Agricola contained 960,000 
citations and CRIS contained reports on 30,000 projects. The Biosis Pre- 
views and Agricola contained citations from 1970 until the present. CRIS 
(Current Research Information System) contained reports on agricultural 
research in progress from 1974 until the present. All titles that used 
pertinent key words were printed on computer printout. Then articles 
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of value were obtained and those of importance were retained. 

Visits at several locations were made so we could meet other researchers 
with expertise in grain research. Sites visited were Purdue University, 

Ohio State University, University of Illinois, U. S. D. A. Instrumentation 
Laboratory at Beltsville, Cargill Inc, Grain Research Lab, and a grain 
quality conference were attended. We were able to view equipment used 
in commercial operation. Experimental equipment which may be used in 
quality sensing operations was identified. Individuals consulted provided 
useful information concerning important quality indicators and problems 
involved with sensing these quality indicators. 

The identity of an important grain quality indicator depended on 
the particular use intended for the grain. Different uses required grain 
of highly different quality characteristics. Among the quality indicators, 
of course, were the grade factors from the U.S. Standards for Grain hand- 
book. Other parameters that would indicate quality are odor, stress and 
strain cracks, presence of aflatoxin, various localized insect or disease 
infestations, and content of economically valuable compounds such as pro- 
teins, fats, oils and starch. 

Test weight per bushel of the grain generally indicates higher quality 
with higher test weight if all other factors are equal. A dry miller is 
the only processor who considers high test weight extremely important. 

Other processors are not too worried about test weight if it is within 
a reasonable limit of normal. Test weight is measured by taking a known 
volume, usually a quart, and weighing the sample on a special scale that 
gives a value in lbs. per bushel. 

Moisture content is important as wet weight of grain varies with 
moisture content and grain is sold on a wet weight basis. Moisture content 
above certain levels also decreases keeping quality of grain. The only 


proven exact method of measuring moisture content is oven drying. Moisture 
meters provide a quicker method which yields good results. A recently 
developed method is Infrared Reflectance Spectroscopy which yields values 
comparable with moisture meters in accuracy. 

Broken corn, splits in soybeans, and foreign material all affect qua- 
lity of grain. The foreign material lowers the nutritional value avail- 
able in the grain. The other factors provide a substrate for microbial 
growth and potential development of deleterious metabolic by-products. 
Measurement is accomplished by the use of sieves or with a dockage tester. 

Amount of heat damaged corn and other surface and sub-surface damage 
affects the appearance of grain as well as providing an area of growth for 
microbes. If the percentage of damage is kept low it has very little 
affect on nutritional value. This type of damage is detected by personal 
examination of a sample so exact measurement of damage is time consuming. 

Odor and insect or disease infestations give an indication of the past 
handling of the grain and the future keeping value. Insect or disease 
infestations is determined by personal examination. Odor is a very rela- 
tive quality dependent on the individual. More exact determinations can 
be made by some forms of gas chromatography but this requires complex equip 
ment, trained personnel, and is expensive and slow. 

Stress and strain cracks indicate weakness in the grain and the deve- 
lopment of increased breakage in the grain. They can be found by human 
detection and there is a colorimetric method but the values obtained 
are very relative. 

Detection of aflatoxin is critical during years when it is prevalent 
since it is fatal to animals above certain limits. Blue light fluorescence 
may give an indication of the presence of aflatoxin but the dnly exact 
method is by gas chromatography: 


Proteins, fats, oil and starch are the valuable components of grain 
so it would be useful to know what percentage of each a grain contained. 
Protein and oil can be measured by Infrared Reflectance Spectroscopy with 
a reasonable degree of accuracy, but fats and starch are measured by slow 
chemical extraction methods. 

In summary, there is a large number of indicators of grain quality. 
Many have meaning or are of value only to a small segment of the user 
population. Usually they are very important to the interested user, how- 
ever, Most detection methods are too slow or too expensive to be incorpo- 
rated into the normal inspection procedure of a grain elevator on a con- 
tioous basis. The potential for implementation of remote sensing of most 
quality indicators would be difficult and impractical with the present 
sensory technology. However, some of the indicators show potential for 
automation. Two indicators of high economic importance that show poten- 
tial are moisture content, and Broken Corn and Foreign Material. These 
two indicators are of interest because their measurement techniques show 
more potential adaptability to automation and their economic value will 
make an automated system of value to a grain elevator. 

The system that we foresee being developed is one where samples would 
be automatically pulled from the grain stream. Equipment for measuring 
moisture content, and broken corn and foreign material would process the 
samples. A central data processing unit then would take the indicator 
values and provide a hard copy record of the grain sample and its proper- 
ties for future reference if needed. 


B. Methods for Automated Evaluation of BOFM 

During the project methods for automatically evaluating Broken Corn 
and Foreign Material (BCFM) In a corn shipment were investigated, This 
included looking at the present method of determing BCFM and examining 
research that had been done concerning alternative methods for measuring 
BCFM. These procedures were considered for their feasibility for incor- 
poration into an automatic monitoring system. 

The Grain Inspection Manual published by the Federal Grain Inspection 
Service defines Broken Corn and Foreign Material as kernels and pieces of 
kernels of corn and all matter other than corn which will pass readily 
through a 12/64 inch sieve, and all matter other than corn which remains 
in the sieved sample. These Standards also state that the 12/64 inch 
sieve shall be an aluminum sieve 0.0319 inch thick perforated with round 
holes. 0.1875 (12/64) inch in diameter which are h inch from center to cen- 
ter. The perforations of each row shall be staggered in relation to the 
adjacent row. The prescribed procedure is to take a representative por- 
tion ranging in size from 1 1/8 to 1% quarts cut from the original sample 
and measure BCFM using an approved type of dockage tester using the approved 
sieve. Approved dockage testers are the Carter Dockage Tester, Federal 
Dockage Tester, and the Emerson Kicker. Broken Corn and Foreign Materia* 
will consist of all material which passed through the sieve, and all other 
matter other than corn removed by hand from the mechanically cleaned corn. 
Use of the sieve to separate BCFM shows possibilities for being incorporated 
into an automatic monitoring system. 

There have been suggestions for changing the designation BCFM. One 
idea is to let the quality parameter be designated as screenings which 
would include materials passing ‘readily through a 4.762 mm (l;2/64 inch) 


round-hole Steve and include peices of corn and other non-corn materials. 
There would be a separate measurement for dockage which woul'd include any 
material other than whole or unbroken kernels of corn that remains in the 
sample after the removal of screenings. Dockage includes, but is not limit- 
ed to, other grains, weed seeds, and pieces of cob or stalk. Another sug- 
gested change would be to use two sieves - 15/64 inch and 8/64 inch. Mate- 
rial that passes through the 15/64 inch sieve but not through the 8/64 inch 
sieve would be called Broken Corn. Material passing through the 8/64 inch 
sieve would be called Screenings. Foreign Material would be defined as 
described in the previous suggestion. Both of these ideas were suggested 
by researchers at the Proceedings of the 1977 Corn Quality Conference. 
Measurement of Screenings or Broken Corn with sieves shows possibilities 
for incorporation into an automated system. 

Other suggestions by researchers for determining broken corn or damag- 
ed corn included use of a corn breakage tester, colorimetric methods, and 
photoelectric methods. None of these methods have any correlation between 
their results for corn breakage and damage, and the quality parameters 
used by the Federal Grain Standards. These methods are slow, taking from 
three to five minutes or longer, and require manual operation that would 
be hard to eliminate. As a result, these methods show little adaptability 
for use in an automated system. 

Using a sieve for measuring BCFM as described by the Grain Inspection 
Manual shows seme potential for being used in an automatic monitoring system. 
Consequently, the same method could be used for measuring Screenings on 
Broken Coen if either of those suggested quality parameters were adopted. 
Measurement of foreign material in either grading system would still have 
to be done by hand separation. A suggested system in an attempt to auto- 
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matically measure Broken Corn would be to pull a sample, weigh it elec- 
tronically, pass it over the sieve, remove the corn that was retained on 
top of the sieve and electronically weigh the sample. Figure 1 contains 
a block diagram of a possible configuration of a Broken Corn monitoring 
system. The percent of Broken Corn could be calculated by the equation: 

% of Broken Corn = original sample-wt, of retained corn ) 1Q0 (1) 

wt. of original sample * ' 

Calculation and control ability is already contained in the automatic 
moisture content monitoring system developed during this project. If 
the physical hardware could be developed to do the sieving and weighing, 
a system to monitor both moisture content and broken corn could be deve- 
loped using the present system with some software revision and additional 
subroutines. 


. . tU 



Figure 1. Block diagram of broken corn monitoring system. 







C. System Implementation 

A microprocessor based system was developed which can be used to 
automatically monitor the moisture content of grain as it is being 
transferred at an elevator. The system can also provide control 
functions and monitor any other-quality parameter for which rapid 
measuring sensors are available. System development and implementa- 
tion involved hardware design and construction, software development 
and performance testing. 

H ardware Design and Construction 

To do an effective job of monitoring the moisture content of grain 
being loaded or unloaded the system must fulfill certain basic require- 
ments. The system must be able to control the moisture sensing opera- 
tion and take the moisture content reading of a grain sample at period- 
ic time intervals. After taking a moisture content reading mathematical 
operations must be performed to obtain an average moisture content value. 
Then a record output is required to show the moisture content reading, 
and average moisture content value. Also communication is required 
between system and operator to program the system for the type of moni- 
toring operation to be performed, to provide system parameters and to 
show how monitoring operation is progressing. 

A microprocessor is used to control the operation of the system 
and to provide mathematical capabilities with the addition of a calcu- 
lator card. The decision making capabilities of the microprocessor 
are used to determine if moisture contents meet the desired criteria 
and what path the monitoring operation will follow. Input ports are 
used to interface with the moisture sensor. And a 20 mA circuit loop 


on the microprocessor interfaces with the keyboard and printer to pro- 
vide communication. 

The moisture sensor used was a Burrows Model 700 Digital Moisture 
Computer. This moisture meter measures moisture content by measuring 
the capacitance of a 250 gram grain sample. A Binary Coded Decimal out- 
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put is used to interface the moisture meter with the microprocessor. 

Communication between operator and microprocessor is provided by 
a DEC-Writer II. It has a keyboard for typing in inputs to micropro- 
cessor and a printer for a paper printout of the record. 

A block diagram of the system configuration and components is shown 
in Figure 2. 

Microprocessor card rack components . - The microprocessor system 
used is a PRO-LOG CRS-8T Expandable 8080A/1702A Card Rack System. This 
is a card rack with space for sixteen cards of which ten card spaces 
are prewired. Provided with the system are an 8811 A Processor card, 

8116 ROM card, 8114 Input card and a 8115-1 Output card. Additional 
cards purchased to go into the card rack were two more 8116 ROM cards, 
an 8117 RAM card and a 8407 Serial interface card. Card spaces for 
these additional cards were prewired. The 8117 RAM card was used dur- 
ing system development but isn't required for the moisture monitoring 
system. Wiring schematics for these cards are shown in Appendix A. 

The card rack and cards are shown in Figure 3. 

An eight bit 8080A microprocessor is on the 881 1 A processor card. 
The 8080A microprocessor is a 1 microsecond time state processor. Also 
contained on this card is 1024 bytes of eight bit 2102-4 Random Access 
Memory (RAM) which supplies the RAM requirement for the moisture monitor 
ing system. Addresses for this RAM is from 3000 to 33FF. This card has 
one interrupt request line which is used for timekeeping for one minute 
sampling rate. 
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The 8116 ROM card contains space for 2048 bytes of eight bit 1702A 
Read Only Memory (ROM). The three 8116 ROM cards u»ed in the prewired 
slots provide 6144 bytes of memory space. Addresses for this memory is 
0000 to 17FF. The 1702A Erasible Programmable Read Only Memory (EPROM) 
can be erased by an ultraviolet light and programmed, again with the M900 
Programmer with PM9001A Personality Module for this type of EPROM. The 
programmer is shown in Figure 4. 

Four eight-bit input selectors on the 8114 Input card provides four 
ports of eight input lines each for a total of thirty two input lines. 

The addresses of the four ports are 00 through 03. . Two input ports are 

used to bring in moisture content reading from moisture meter and one 

* 

port is used, for interfacing with 90006 Calculator card. Interface wir- 
ing is discussed in the sections pertaining to the moisture meter and cal- 
culator card. 

The 8115-1 Output card supplied with the Card Rack System has four 
output ports with ftight output lines each for a total of thirty two out- 
put lines. The address of the four ports are 00 through 03. These addresses 
are selected only when an OUT instruction is executed. One output port 
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plus another output line 'is used to interface with 90006 calculator card 

'and two lines from another output port- are connected to the 8404-4 Triac 

card to operate -solenoids mounted on moisture- meter. Interface wiring 

for these ports are discussed -in the "calculator card and moisture meter sections. 

An 8407 Serial Interface card was used to interface between micropro- 
cessor and DEC-Writer. This card has both RS-232 and TTY serial data com- 
munications lines. The TTY interface with 20 milliamp current loop was 

us ed sin ce thi s wa s the ty pe of inter fa ce on the DE C-Writ e r. _ Th e DEC- 

Writer II that was used had a 20 milliamp option with a connector which 
plugged into the 20 milliamp connector on the 8407 Serial Interface card 

as shown in Figure 5. 



Figure 4. M900 prograrmer with PM9001A personality module. 



Figure 5. 20 milliamp connection between DEC-Writer II and 8407 serial 

interface card. 



(JSART and programmable interval timer card ,- This card was design- 
ed and wirewrapped to serve two purposes. To provide timing and serial- ' 
to-parallel conversion for interface circuit between 8407 Interface card 

and DEC-Writer. Also to provide a hardware timing device to interrupt 

* », 

Central Processor Unit (CPU) at a periodic time interval so the next 
moisture content reading could be taken. .The schematic for this board 
is in Appendix A along with the interface connection between board and 
the microprocessor card rack system. 

A 8253 Programmable Interval Timer is used to measure one minute 
time period between moisture readings. A decision was made to use hard- 
ware timing because timing had to be taking place while microprocessor 
was executing software controlling moisture monitoring system. Since 
there were many paths that could be taken during execution of software 
it would be very difficult to handle ^11 6f the various software timing 
combinations that were possible and obtain an accurate time interval. 

With the 8253, a value for one minute delay is loaded into the 8253 
counter and when decremented to zero an interrupt request is sent to 
CPU indicating it is time to take a moisture content reading. 

The 8253 has three sixteen bit counters and one eight bit control 
word register. Two counters addressed by ports 24 and 25 are used to 
count the one minute delay period. The counted addressed by Port 26 
is used to control timing for the 8251 Universal Synchronous/Asynchro- 
nous Receiver/Transmitter (USART) for the baud rate at which the micro- 

processor and DEC-Writer communicate. Port 27 addresses the control word 
register which is used: to program the programmable interval timer. So 
the programmable interval timer can be controlled by software to deter- 
mine the type and length of timing delay that is produced. 


Timing and conversion from serial-to-parallel data for communication 
between microprocessor and DEC-Writer is done by the 8251 USART. The 8251 
has an eight bit status register and an eight bit data register. The sta- 
tus register is addressed by port 21 and is accessible by the CPU to deter- 
mine if the 8251 is ready to receive or transmit data. Data is transmitted 
or received through the data register which is addressed by port 20. The 
8251 does conversion from parallel to serial for transmission from micro- 
processor and from serial to parallel for transmission into microprocessor. 

A picture of the wire wrapped board is shown in Figure 6. To access 
the board an IN or OUT instruction must be addressed to ports 20, 21, 24, 

25, 26, 27, 2E, or 2F. Address decoding is done by a 74S138 Decoder/Demul- 
tiplexer. The USART and programmable interval timer are addressed as stated 
previously and ports 2E and 2F are for an LED used in debugging procedures 

to determine if execution of software is proceeding as expected, 

* ♦ * * ... 

Two 8226 four bit Parallel Bi-Directional Bus Drivers are used to 
transmit and receive data between the chips on the card and the micro- 
processor. On the microprocessor side of one 8226 the four least sig- 
nificant Data In and Data Out* lines are connected for a total of eight- 
lines. On the card side the bi-directional capability of the chip allows 
each Data In and Data Out line to be connected .together so on this side 
of the chip there are only four lines. The four most significant Data 
In and Data Out lines are connected to the other 8226 in the same manner. 
The correct chip on the card is enabled to receive or transmit data 
by the address decoding done by the 74S238 Decoder/Demultiplexer. 

On the 8253 programmable interval timer chip counter values are 
loaded into sixteen bit counters zero and one addressed by ports 24 
and 25 respectively to obtain a one minute time delay. The micropro- 
cessor clock is used as the clock for counter one which is programmed 



to generate a square wave form with a period ot one hundredth of a 
second. This square wave output from counter one then acts as the 
clock for counter zero. When the value in counter zero is decremented 
to zero indicating a one minute time delay an Interrupt Request signal 
is sent to the CPU. The CPU then acknowledges the interrupt by sending 
a Interrupt signal which enables the 8212 eight bit Input/Output Port 
on the wire wrap card. The input lines on the Input/Output Port are 
connected to ground which causes a low to be transmitted on the Data 
Out lines. These output lines are inverted going into the CPU so the 
CPU sees all lines as being high which is the FF instruction for a 
Restart 7. When this instruction is executed the program address goes 
to 0038 where instructions are stored to set up one minute time delay 
again and take another moisture content reading. 

The 8251 USART handles timing for baud rate and conversion from 
serial to parallel data. Timing for baud rate is provided to the USART 
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by the output from counter two on the programmable interval timer. Para- 
llel data from microprocessor is converted to serial data and sent on 

t 

the Transmitter Data line of the 8251 to the Data Out, DO-A and DO-B, 
lines of the 8407 Serial Interface card to be transmitted to the DEC- 
Writer. Serial data from the DEC-Writer passes through the 8407 Serial 
Interface card on the Data In line to the Receiver Data line on the 
8251 where it is converted from serial to parallel and sent to the micro- 
processor. 

The time delay can be varied with software programming to the pro- 

V' 

gramnable interval tim er. Wit h some addit ional in terfac e wiri ng be tween 
this card and the 8407 Serial Interface card communication with an RS- 
232 type terminal could be provided if required, 

Calculator Card and Interface Wiring - A method of performing multi - 
byte addition, subtraction, multiplication, and division was needed to 


do calculations required by the moisture content monitoring system. A 
decision was made to do this In hardware with a 90006 Calculator Card 
manufactured by Micro-Link Corporation to be compatible with the card 
rack system being used. This card operated in floating point mode and 
exponential mode. Also it has capabilities to do square roots , squaring, 
logarithm, natural logarithm, exponential, trigonometric, and inverse 
trigonometric functions. Comnand sequence is of the Reverse Polish Nota^- 
tion type similar to that of many hand held calculators. 

Since the calculator card is compatible with the card rack system, 

Its size, power requirements, and power input pins were such that it 
would fit inside the card rack. The calculator card was put in slot 
twelve of, the card rack. Backplane wiring between the calculator card 
and card rack system are shown in Appendix A, Power was already bussed 
to the correct pins by the card rack. ? 

The microprocessor needed to read three status signals and four 

data lines from the calculator card. READY sta’tus had to be checked to 

t 

determine if calculator card was prepared to receive instructions from 
the microprocessor. DATA AVAILABLE* status had to be checked to see 
if calculator card had data available to be re^d by microprocessor. 

And a ERROR* status .line was available to signaj microprocessor an error 
had occurred during the calculation procedure on the calculator card. 

■ 'i 

The * after DATA AVAILABLE, and ERROR indicates that these lines are 
active when they are low. The four data lines are for the microprocessor 
to read a digit of the answer from the calculator during each read pro- 
cedure. These seven lines were connected to the microprocessor system 
through Input port 03. The status signals were Connected to input lines 
8, 7, and 6 with the four data lines connected to input lines 4, 3, 2, and 1. 

Nine output lines were required to carry instructions from the micro- 
processor to the calculator card. One of these, the RESET* signal, - was 
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connected through Output poet 02 on line 8. The other eight signals were 
connected to Output port 03. Line eight of Output port 03 was connected 
to the STROBE-OUT signal which informed calculator card the data on its 
data lines had been read and new data was to bq put on the data lines. 

The STROBE-IN signal informed calculator card to read the instructions on 
the instruction lines and it was connected to line seven of Output port 
03. There were six lines required to send the six bit instruction code 
to the calculator card and these were connected* to the remaining six lines 
of Output port 03. 

Solenoid Selection and Interface Wiring - } To operate the moisture 
meter used in the moisture content monitoring system a LOAD button had 
to be depressed to allow grain sample to drop into test cell and a UN- 
LOAD button had to be depressed to allow the grain sample to drop out 

•> - 

of the test cell. These two buttons opened and closed the top and bot- 
tom of the test cell by mechanical linkages. To operate the ‘opening 
and closing of the top and bottom of the test cell some type of device 
was needed to electrically operate the mechanical linkage to allow remote 
control. A decision was made to use push type ‘solenoids to depress the 
LOAD and UNLOAD buttons. The travel distance of the buttons was measured 
to be five sixteenths of an inch. The force requirement to depress the 
buttons was measured with a Chatillon Model DPP push/pull gauge owned by 
the Agricultural Engineering Department, property control number 89539. 
The force required to depress the LOAD button with the 250 gram sample 
in the weighing hopper was two and one half pounds. The force required 
to depress the UNLOAD button with the grain sample in the test cell was 
six pounds. Gaurdian Electric manufactured two solenoids which fit these 
criterion. To operate the LOAD button a 16P 120 VAC Intermittent type 
solenoid with force characteristics of 88 oz @ 1/8 inch and 22.5 oz @ 

3/4 inch was purchased. To operate the UNLOAD button a 18P 120 VAC 


continuous type solenoid with force characteristics of 137 oz @ 1/8 inch 
and 90 oz @ 7/8 inch was purchased, These solenoids are shown mounted on 
the moisture meter in Rigure 7, 

So that the microprocessor could control the turning on and off of 

the solenoids a PRO-LOG 8404-4 Triac card was bought and interfaced into 

the system. This card was made^to interface with the microprocessor card 

rack system and has four solid state power relays (TRIACS) mounted on it. 

» 

This presides buffered TTL control of four 240 VAC two Amp isolated 
circuits. Each TRIAC is actually capable of switching up to ten Amps of 
current if mounted outside the card rack systenj on a heat sink to dissi- 
pate the additional heat generated by the higher currents. A Fluke Digi- 
tal Multimeter with current measuring clamp was used to measure current 
being drawn by solenoids while they were on. The LOAD solenoid required 

f, 

0.65 Amps while on and the UNLOAD solenoid required 0.37 Amps while on 

* 

so there is no problem with heat dissipation. In the moisture content 
monitoring system the Triac card is mounted outside the card rack system 
in a BUD Box to eliminate the danger of high voltage coming into contact 
with the microprocessor system. 

The LOAD solenoid is operated by Triac number one and the UNLOAD 
solenoid is operated by Triac number two. The solenoid 120 VAC wiring 

is connected to the triac by cutting one of the two wires going to the 

$ 

solenoid and connecting one end to terminal number one and the other 
end to terminal number two of the triac. Whenever the selected triac 
receives a low signal from the microprocessor it completes the circuit 
and allows current to flow to the solenoid turning it on, then a high 
signal to the triac from the microprocessor tells the triac to break 
the circuit, turning the solenoid off. A picture showing the wiring 

4 

between the triac card and the solenoids is shown in Figure 8. 
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Figure 7. Solenoids mounted on moisture meter. 




* » -<T 



Figure 8. Flectrical wiring between the 8404-4 triac card arid the solenoids 
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A wiring list in Appendix A shows the wiring between the micropro- 
cessor system and the triac card. Five volts from pins one and two of 
the card rack system is wired to pins one and two of the triac card. 

A ground is provided by connecting pins three and four of the triac 
card to pins three and four of the card rack system. Output signals 
from the microprocessor to the triac card are sent through Output 
port 01 by output lines one through four being connected to the res- 
pective triac input lines. The triacs make a circuit when a low sig- 
nal is sent from the microprocessor and break the circuit when a high 
signal is received from the microprocessor. 

> 

Moisture Meter and Interface Wiring - A Burrows Model 700 Digital 
Moisture Computer was used as the moisture content sensor. This is a capa- 
citance type moisture meter which requires a 250 gram sample and it per- 


forms automatic temperature correction for the temperature of the grain. 

It gives a direct digit 1 moisture content reacfing, using nixie tubes, 
within two to twelve seconds depending on temperature correction required. 
This is a wet basis moisture content reading which is the moisture content 
basis grain is sold on in the United States. Wet basis moisture content 
is represented by the equation 

Mr / of \ — wt . of water ___ v inn 

L ” wt. of water + wt. of dry material x l 2 ) 

This particular model also has a printer output., provided which outputs 

the moisture content reading in Binary Coded Decimal form to the printer 

connector which is used to interface the moisture meter to the micropro- 

•cessor so the microprocessor can"Tjet the moisture content reading from 

the moisture meter. 

The data in Binary Coded Decimal form is sent to the printer connec- 
tor on twelve lines for the three digit moisture content reading. Four 

lines carry the tenths of parcent digit, four lines carry the units of 
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percent digit and the remaining four lines carry the tens percent digit. 

*10 

•Each of the four lines for a digit will carry a high (1) or a low (0). 

A low represents zero and a high on line one represents one, a high on 
line two represents two, a high on line three represents four and a high 
on line four represents eight. An output'-to "he printer connector of- •» 
0001 0101 1001 represents a moisture content re.ading of 15r9£., Pictures 
showing the printer connector on the back of the moisture meter and the 
connector with wiring to interface the moisture meter to the microproces- 
sor are shown in Figure 9 . 

Appendix A contains the wiring list showing the connections between 

1 

the microprocessor and the. printer connector on the back of moisture 
meter. Wiring from the backplane of the card rack system is connected 
to a Cinch 57-30360' 36 pin connector which attachs to the printer connec 
tor on the back of the moisture meter. The tenths of a percent digit is 
input through lines one through four of input port 00. The units of a 
percent digit is input through lines five through eight of Input port 00. 
And the tens of a percent digit is input. through lines one through four 
of Input port 01. A ground is provided by connecting pins three and four 
from the card rack backplane to the two ground lines of the printer con- 
nector. 



Figure 9. Printer connector on back of moisture meter and connector which 
interfaces moisture meter to the microprocessor. 




System Software 


Software Development 

During this phase a monitor developed by Dr. R. L. Schafer of the 
National Tillage Machinery Laboratory was used. The monitor contained 
utility subroutines which provided control of the microprocessor system 
from the DEC-Writer keyboard. The monitor initializes the microprocessor 
stack and sets up the USART in preparation for data transmission between 
microprocessor and DEC-Writer. Subroutines in the monitor program then 
handle data transmission between microprocessor and DEC-Writer. RAM memory 
on the microprocessor can be programmed from the DEC-Writer keyboard or 
read in from a ASR-33 teletype which has a paper tape reader on it. The 
ASR-33 operates on a 20 mi Hi amp circuit so it interfaces with the micro- 
processor through the same nine pin connector on the 8407 serial interface 
card used by the DEC-Writer. Also a tape showing the programming in the 
RAM memory can be punched using the paper tape punch on the ASR-33. The 
monitor .has a subroutine which controls the punching or reading of the paper 
tape. Programming contained in memory can be printed out on paper at the 
DEC-Writer by the monitor. Where single character substitution is required 
in RAM, it is provided by the monitor. The monitor also controls where exe- 
cution of the program begins. With these control subroutines provided by 
the monitor, programming and debugging of the software is more easily accom- 
plished. 

, Software development was. done by programming ! a subroutine into RAM, 
executing it, and doing the debugging required to obtain correct execution 
with program in RAM. When the subroutine operates correctly it is program- 
med into a PROM by the PROM programmer. The PROM is inserted into the cor- 
rect page address on a ROM card .and the next subroutine or section of program 
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is developed in RAM. This process continues until all the software has 
been developed. Doing the debugging in RAM is faster and easier because 
a RAM value can be changed from the DEC-Writer keyboard with the system 
remaining on. If a change in ROM is required the system must be turned 
off, ROM card pulled from card rack, old PROM removed from card, new 
PROM programed and inserted onto card, put card back into card rack, 
and turn system back on. This can be a time consuming process where many 
changes in programming are required. 

During the software developmental phase the 8117 RAM card was used 
in the card rack for storing the program. This card has 4096 bytes of 
eight bit RAM capacity used in increments of IK (1024 bytes). For full 
capacity of the card thirty-two 2102-4 static RAM chips are required and 
supply addressing from 4000 -to 4FFF. This provided all of the RAM memory 
space required during developmental phase. 

Software System Overview 

The system is set up to monitor two types of situations, one when the 
grain is being unloaded into a bin at the termina.l and the other is when 

r, 

grain is being loaded from the terminal into a truck, boxcar, barge, or ship 

* 

to be transferred to another terminal in the United States or for export mar- 
keting. When the grain is being unloaded into the terminal the system moni- 
tors individual moisture content readings at one minute time intervals, and 
calculates and monitors average moisture content for the grain that has been 
unloaded. In the loading cut situation the system does the above and also 
at selected periodic intervals calculates a required moisture content for 
the remaining grain to be loaded to obtain a desired final average moisture 
content for the complete shipment. 

This requires inputs by an operator to. the system for the date, begin- 
ning time, upper and lower limits for individual moisture content reading, 


upper and lower limits for average moisture content, and the grain destina- 
tion. These inputs are required by both types of monitoring situations. To 
monitor the loading situation additional inputs are requirdd for desired - 
final average moisture content^approximate number of readings to be taken, and the 
interval between calculations of required moisture content of remaining grain 
to obtain the desired final average moisture content. With these initial 
input parameters the system is ready to start the'-moni tori ng operation. 

Using the solenoids mounted on the moisture meter a grain sample is 
loaded into the test cell, a moisture content reading is taken, and the grain 

sample is unloaded out the bottom of the test cel,l. This system is set up 

» 

without any method for pulling a grain sample. During testing of the system 

grain samples were provided manually. To incorporate the system into a 
grain terminal a device would have to be developed to pull the grain samples. 

After development of the sample pulling device it) could be controlled by the 
microprocessor system. After the moisture content reading is taken the micro- 
processor calculates average moisture content. 

Each minute a moisture content reading is ta.ken, average moisture content 

» ( 

is calculated, and a data record is output to the DEC-Writer. Contained in 
the data record is the date, time, individual moisture content that was just 
taken, newly calculated average moisture content, and the grain destination. 

The individual moisture content reading that was just taken is checked for 
being above the high limit for individual moisture content or below the low 
limit for individual moisture content reading. If the individual moisture 
content reading is outside either limit an appropriate message is printed 
by the DEC-Writer. The same check is done on the average moisture content 
and if it is above or below its limits the appropriate message for average 
moisture content is printed by the DEC-Writer. 

If the loading out situation is being monitored proper number 

of readings has passed, calculations are performed to determine the required 
moisture content for the remaining grain to obtain the desired final average 




moisture content. The required moisture content for remaining grain that 

i 

has been calculated is output to the Dec-Writer. If all the expected .readings 
have been taken a message is output to the DEC-Writer stating that the pre- 
dicted number of readings have been taken. After this message is sent the 
system continues to monitor the moisture content ’and average moisture con- 
tent, but it doesn't calculate the required moisture content for grain any- 
more . *' 

At this point in the program the moisture coptent reading has been 
taken, and all moisture content calculations required have been made. The 
remaining section of the program 1 updates the time to keep it current. This 
is done by adding one minute to the minutes value of the time. The first 
half of the day is AM and the second half of the>day is PM. The software 
keeps the correct day of the month, hour of the morning or afternoon, and 
minutes. If a monitoring operation is started on the last day of the month 
and finished the next day, the monitor will list .the same month with the 

i f ’ 

day incremented. An example is starting on 01-31-80 and finishing the next 

ft’ 

day. Instead of showing 02-01-80 the records will contain 01-32-80. But 
this shouldn't be a handicap for keeping records if this feature is under- 

i 

stood. 

Main Program - The monitor that was used during software development isn't 
in the moisture content monitoring system. All of the control functions 
that it provided that are required by the moisture content monitoring 
system were adopted into the system software. The initialization of the 
stack and setting up the USART for data transmission which were formerly 
done by the monitor is done by the software at the beginning of the main 
program. The main program software which was developed and is being dis- 
cussed in this section is in Appendix B. This is the programming stored 
in memory space 0000 through 003F. Random access Memory (RAM) is provided 
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by the 1024 bytes of RAM contained on the 8811 A Processor card thereby 
eliminating the need for a RAM card in the system. The IK of RAM that 
is on the Processor card is in addresses 3000 through 33FF. 

The first instruction in the main program initializes the stack pointer 

to 33CD. This allows this memory space and any below it to be used as a 

sixteen bit stack to store subroutine return addresses and any other addresses 
or data required by the system software. Whenever a jump to subroutine 

instruction is executed the return address which is in the program counter is 

j 

automatically pushed onto the stack. Any addresses that were already there 
are pushed down on the stack to a lower stack address. When the Return 
instruction is executed the top address on the stack is pulled off and 
put into the program counter and this address is ’where program execution 
continues. Any addresses that were stored on th»- stack below the subrou- 
tine return address are moved upwards toward the top of the stack when the 
subroutine return address is pulled off the top of the stack. Data or 
addresses stored in any of the register pairs can,, be pushed onto or pulled 
off of the stack in the same manner. More information on how the stack 
pointer works can be found in The Designer's Guide to Programmed Logic. 

After the stack pointer has been initialized instructions must be sent 
to the USART preparing it to start data transmission. Timing must be pro- 
vided for the USART so that it can communicate with the DEC-Writer at a 110 
baud rate. A control word of B6 is sent to the progranmable interval timer" 
since Counter two on it is to be used as the clock for the USART. The B6 
command instructs programmable interval timer to select Counter two, to 
Read or Load Least Significant Byte first, then' Most Significant Byte, and operate 
as a square wave rate generator with a .sixteen bit binary counter. Counter 
two is then loaded with a count value of 022B which will provide a square 
wave which when multiplied by the sixteen times baud rate factor provides 
a clock for the USART to transmit at a 110 baud rate. 


* 

With the timing provided, the USART instructions are sent to the USART 
to set up its mode of operation. The USART is set up for Asynchronous trans- 
mission format. The control word sent to USART to set up mode Is CE which 
instructs the USART that data 'should be transmitted with two stop bits,. eight 
data bits, parity disabled, and a baud rate factor of sixteen times the clock 

being used, Immediately after the USART mode has been programmed a command 

instruction controls the actual operation of the format selected by mode 

> 

instruction. The command instruction is 37 which forces REQUEST TO SEND* 
output to zero, resets error flags, forces DATA TERMINAL READY* output to 
zero, and enables receive enable and transmit enable, After receiving the 
command instruction the USART is ready for data transmission. Additional 
information on the programmable interval timer cMp and the USART chip and 
their programing can be found in the Intel MCS-80 User's Manual. 

Whenever a Restart 7 instruction is encountered the microprocessor auto- 
matically executes the instruction stored at address 0038. The Restart 7 
instruction is put on the data lines when the interrupt occurs signaling the 
end of a one minute delay. The instruction stored at address 0038 is a 
Jump instruction to a subroutine which resets the interrupt to occur after 
one minute delay. After resetting the interrupt ’this routine directs the 
microprocessor system to the correct address to continue the moisture content 
monitoring process,. More information will be given concerningi the-lnterrupt- 
Reset routine in the section covering subroutines. 

The software that has been discussed is software that replaced functions 
previously supplied by the monitor. After executing these instructions the 
microprocessor jumps to the main program that is stored in memory space through 
OBFF. The software in the main program will now be discussed in the order it 
would be executed by the microporcessor. 

Memory space that will be used for storing data record, input parameters, 


and calculation space is copied from ROM memory 1600-170F into RAM memory 
3000-310F. This material is moved into RAM so that it can be written to 
the microprocessor. Addressess 3000-304F has OD and OA programmed in the 
first two addresses which are ASCII instructions for DEC-Writer carriage 
return and line feed. The remaining addresses are blank spaces (20) and 
will be programmed with the data, time, individual moisture content read- 
ing, average moisture content, and grain destination when these parameters 
are obtained. Memory space 3050-310F is originally programmed with Nulls 
(00) unless otherwise specified as shown in Table 1. This memory space 
will be programmed as the microprocessor receives the values that should 
be stored in each memory address. Table 2 contains the addresses and what 
will be programmed in each space. There are several different forms in which 
data are stored. These are ASCII, Actual, Calculator, and Answer from cal- 
culator form. A value of 15,9 would be represented in ASCII as 31 35 2E 39, 
in Actual form as 01 05 09, in Calculator form a»’ 01 05 OA 09, and in Answer 
from calculator form as 00 OA 01 05 09. More will be discussed about these 
forms and why they are used as they are encountered during the discussion 
of the main program. . 

Now the microprocessor is ready to accept the input parameters which 
will be used during operation of the moisture content monitoring system. 

This Is done by the microprocessor outputting a question to the DEC-Writer 
concerning the particular input parameter of interest. Hexadecimal coding 
in ASCII form is stored in memory space 1000-156D for each question or 
statement that the microprocessor uses for communication. Each letter, 
number, or symbol requires one byte of hexadecimal coding in ASCII form for 
identification. Figure 10 'Shows table from The Designer's Guide to Pro- 
grammed Logic which was used to find hexadecimal coding for letters, num- 
bers, symbols and control characters. The questions and statements used for 
commun ication by the microprocessor are shown in Table 3- with the memory 
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TABLE 1 

INITIAL DATA STORED IN OUTPUT RECORD AND 
CALCULATION MEMORY SPACE ) 


t 


ROM ADDRESS 

Instruction 

DATA 

Hexadecimal codinq 

1600 

CR 

OD 

1601 

LF 

OA 

1602-164E 

Blank 

20 

164F-1669 

Null , 

00 

166A 

Enter 

21 

166B-1673 

Null 

00 

1674 

Addition 

39 

1675-1683 

Null 

00 

1684 

Enter 

21 

1685-1687 

1.0 

01 ,0A,00 

1688 

Addition'- 

39 

1689-1697 

Null. 

00 

1698 

Enter 

21 

1699-169D 

Null 

00 

169E 

Division 

3C 

169F-16B1 

Null 

00 

16B2 

Enter 

21 

16B3-16B6 

Null* 

00 

16B7 

Multiply 

3B 

16B8-16C6 

• Null 

00 

16C7 

Enter 

21 

16C8-16CC 

• Null 

00 

16CD 

Subtraction 

3A 

16CE-16DC 

• Null' 

00 

16DD 

Enter 

21 

16DE-16E6 

Null 

00 

16E7 

Subtraction 

3A 

16E8-16EC 

Null 

00 

16ED 

Division 

3C 

16EE-16F9 

Null, 

00 

16FA-16FC 

500 

05,00,00 

16FD-16FFi 

050 

oo ,05 ,00 

1 700-1 70B 

Null 

00 

170C 

LF 

OA 

170D 

Null 

00 


3000-3001 

CR, LF 

ASCII 

3002-3009 

Date 

ASCII 

3001-3014 

Time 

ASCII 

301 C-301 F 

Individual MC readi'ng 

ASCII 

302B-302E 

Average MC value 

ASCII 

3036-204E 

Grain destination v 

ASCII 

304 F 

Null 

00 

3050-3052 

Upper limit for individual MC reading 

Actual 

3053-3055 

Lower limit for individual MC reading 

Actual 

3056-3058 

Individual MC reading 

Actual 

3059-305B 

Upper limit for average MC 

Actual 

305C-305E 

Lower limit for average, MC 

Actual 

305F-3061 

Average MC value 

Actual 

3062-3065 

Average MC value 

Calculator 

3066-3069 

Individual MC reading 

Calculator 

306A . 

Enter 

Calculator 

306B-3073 

Previous total of MC reading 

Calculator 

3074 

Addition 

Calculator 

3075-307E 

Present total of MC readings 
Previous number of readings 

Answer 

307F-3083 

Calculator 

3084 

Enter 

Calculator 

3085-3087 

1.0 

Calculator 

3088 

Addition 

Calculator 

3089-308E 

Present number of readings 

Answer 

308F-3097 

Present total of MC readings 

Calculator 

3098 

Enter 

Calculator 

3099-309D 

Present number of readings taken 

Calculator 

309E 

Division 

Calculator 

309F-30A3 

Average MC value 

Answer 

30A4-30A8 

Number of predicted readings 

• MASCII 

30A9-30AC 

Desired final average MC 

ASCII 

30A1-30B1 

Number of predicted readings 

Calculator 

30B2 

Enter 

Calculator 

30B3-30B6 

Desired final average MC 

Calculator 

30B7 

Mu 1 i t i pi i cat ion 

Calculator 

30B8-30C1 

Desired total of MC readings 

Answer 

30C2-30C6 

Number of predicted readings 

Calculator 

30C7 

Enter 

Calculator 

30C8-30CC 

Present number of readings taken 

Calculator 

30C1 

Subtraction 

Calculator 

30CE-30D3 

Number of readings remaining 

Answer 

30D4-30DC 

Desired total of MC readings 

Calculator 

30DD 

Enter 

Calculator 

30DE-30E6 

Present total of MC readings 

Calculator 

30E7 

Subtraction 

Calculator 

30E8-30EC 

Number of readings remaining 

Calcul ator 

30ED 

Division 

Calculator 

30EE-30F2 

Desired average MC for remaining grain 

Answer 

30F3-30F6 

Desired average MC for remaining grain 

• •• '■■<% ■ 

■ ... *■■■ ■ 

Calculator 
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TABLE l 
(continued) 



30F7 

30F8 

30F9 

30FA-30FC 
30FD-3QFF 
3100-3102 
3103-3107 
31 08-310C 


Number of readings interval Decimal 

Number of readings interval Hexadecimal. 

Number of readings interval counter Hexadecimal 

High limit for a valid reading (05,00,00) Actual 
Low limit for a valid.reading (00,05,00) Actual 

Desired final average'- MC Actual 

Individual MC reading ASCII 

Desired final average* MC ‘ ASCII 


41 ’ 


E 


5 6 


LSD b4 


b3 b2 


NUL 

DLE 

SOH 

OCI 


STX DC2 


ETX DC3 


EOT DC4 


ENQ NAK 


ACK SYN 


BEL ETB 


BS 

CAN 

HT 

EM 

LF 

SUB 


vt esc 


FS 


GS 


RS 


US / 


B vR 


C S 


E U e I u 


g w g w 


H 


mum* 

- 

0 

DEL 


| CONTROL CHARACTERS 

NUL 

Null 


FF 

Form Feed 

CAN 

Cancel 

SOH 

Start o( Heading 


CR 

Carriage Return 

EM 

End ol Medium 

STX 

Start ol Tent 


SO 

Shift Out 

SUB 

Substitute 

ETX 

End ol Text 


SI 

Slult In 

ESC 

Escape 

EOT 

End ol Transmission 


DLE 

Data Link Escape 

FS 

File Separator 

ENQ 

Enquiry 


DC1 

Device Control 1 

GS 

Group Separator 

ACK 

Acknowledge 


DC2 

Device Control 2 

RS 

Record Separator 

BEL 

Bell (audible or attention 119ml) 


DC3 

Device Control 3 

US 

Unit Separator 

BS 

Backspace 


DC4 

Device Control 4 (Stop! 

DEL 

Delete 

HT 

Horizontal Tabulation (punched card skip) 

NAK 

Negative Acknowledge 



LF 

Line Feed 


SYN 

Synchronous Idle 



VT 

Vertical Tabulation 


ETB 

End ol Transmission Block 




Figure 10. ASCII code assignments and TTY character set 
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TABLE 3 

MEMORY SPACE ALLOCATED FOR THE ASCII CODING OF 
THE QUESTIONS AND MESSAGES TO BE PRINTED 

t 


ROM Address Question or Statement 


1000-1015 

1016-103C 

103D-1084 

1085-10CC 

10CD-U06 

1107-1140 

1141-11 5D 
115E-117F 
1180-11 A4 
11A5-11 E8 

11E9-1220 

1221-1252 

1253-1283 

1284-12AA 

12AB-12DD 

12D2-131C 

131D-1394 


13C2-1405 

140D-1443 

1 445-1 46B 
146D-1492 
1494-14CA 

14CC-1517 

1519-1550 

1552-155F 
1 560-1 56C 


What is. the data? 

What t'i’me will the readings begin? 

What is the upper "limit for an indi- 
vidual moisture content reading? 

What is the lower limit for an indi- 
vidual moisture content reading? 

What is the upper limit for average 
moisture content? 

What is the lower limit for average 
moisture content? 

Is the grain being unloaded? 
r What bin is grain going into? 

What is the grain being loaded onto? 
Approximately how many readings will 
it take to load the grain? 

; What is the desired final average 

if ,, moistur^ content? 

. Individual moisture content reading 

is too high. 

Individual moisture content reading 
1 , is too low. 

Average moisture content is too high. 
Average moisture content is too low. 
Title for output record. 

How many readings should pass between 
each calculation of desired moisture 
' content for the remainder of the grain? 
The remainder of the grain should have 
an average MC precent of b- 
■ The predicted number of readings have 
been taken. 

Excessively high reading, Ignored bb- 
Excessively low reading, Ignored bb. 

. 'Desired final avg MC is outside limits 
for avy MC bb. 

Low indiv MC reading limit is greater 
than high indiv MC reading limit. 

"" Low avy MC limit is greater than high 

avg MC limit. 

Wait mode 
Run mode 


addresses where they are stored. A question is output by the microprocessor 

by the BUFOUT subroutine which operates by starting at a specified address 

* 

and outputting to the DEC-Writer whatever data it sees at this address and 
following addresses until a NOP .(00) is encountered scaling the end of data 
transmission. A NOP is stored in memory at the end of each question or 
statement. With this method of outputting questions the microprocessor can 
prompt the operator concerning the input parameter that is desired. 

The first question asked by the microprocessor is to obtain the date. 

The date is typed in on the DEC-Writer by the operator in the form of a 

> 

tv/o digit month value, dash ,two digit day of the /nonth value, dash, and^a two 
digit year value. For example the eighth day of February of 1980 would 
be typed in as 02-08-80 with a carriage return to indicate that this is 
all of the data to be input. This data is stored in ASCII form in memory 
space 3002-3009 as part of the data record. The*data is left in ASCII form 
because this is the type of coding the DEC-Writer uses to transmit and 
receive data. 

The next input asked for by the microprocessor is the starting time 
for the monitoring operation. It's input format is two digits for hour 
of day, colon, two digits for minutes, space and a AM or PM designation 
for midnight to noon or noon to midnight. After every input that the micro- 
processor asks for is typed in there should be a carriage return to signal 
end of operator reply. If the starting time is three o-clock in the after- 
noon the input format should be 03:00 PM. This data is stored in memory 
space 300D-3014 as part of the data record and is also left in ASCII form. 

A question is asked concerning the upper limit for individual moisture 
content reading. This parameter will be used to check the individual mois- 
ture content reading for being above a certain desired value. This will 
give an indication of the variation of the moisture content of the grain 
and if a significant amount of it is wet enough to cause spoilage. The 
input format for upper limit for individual moisture content reading is 


two digits, a decimal, and a tenths digit. An example is 9.6 would be 
input as 09.6. This value is stored in the memory space indicated in Table 
\2 in Actual form. Actual form is used because it is easier to compare 
high or low limits with the actual moisture content reading in this form. 

The next input required is low limit for individual moisture content read- 
ing. It is input and stored in the same format as used for upper limit 
for individual moisture content. A check is done at this point to determine 

if the input for low limit for individual moisture content reading is actual 

i 

ly less than upper limit for individual moisture content reading. This is 
done to help eliminate some operator error in typing in a wrong digit. If 
lower limit for individual moisture content reading isn't less than upper 
limit for individual moisture content reading thdn a message is output at 
the DEC-Writer stating that this has occurred and- program execution jumps 
back to repeat questions concerning upper and lower limits for individual 
moisture content reading and to obtain the correct inputs. If low limit 
for individual moisture content reading is less than upper limit for indi- 
vidual moisture content reading program execution continues in a sequential 

manner. _ 

Next, inputs for upper and lower limit for average moisture content 
are requested, typed in, and stored in the same manner as upper and lower 
limit for individual moisture content reading. The high and low limit for 
average moisture content provides a check on the variance of average mois- 
ture content and also an indication of any extreme upward or downward 
trend in the average moisture content. After upper and lower limit for 
average moisture content has been input a check is done to determine if 
lower limit for average moisture content is less than upper limit for 
average moisture content. This check proceeds in the same manner as the 
one done on upper and lower limit for individual moisture content reading. 


A 52 which is an ASCII R is pushed onto the stack to indicate system 
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is in RUN mode. This value is checked during the INTR-RESET routine to 
determine if system is monitoring moisture content or in WAIT mode and sim- 
ply doing time keeping. The WAIT mode for just doing time keeping is pro- 
vided in case something happens to stop grain flow. This could happen if 
machinery is being switched to bring grain from a different bin to change 

the moisture content of grain being loaded out or if a breakdown occurs 
inside the grain terminal. 

All of the previous input parameters are required whenever the moisture 
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content monitoring system is monitoring either a goading or unloading situa- 
tion. At this point the monitoring system needs to know what type of situa- 
tion is being monitored because different inputs are required for whichever 
type of situation is being, monitored. So a question is output to the DEC- 
Writer asking if the grain is being unloaded. The first letter of the reply 
from the operator is saved on the stack to be checked for Y or N indicating 
yes or no. The remainder of the operator's reply is read in and printed at 
the DEC-Writer . until a carriage return signal is., found signaling the end of 
the reply. The first letter of the reply which was stored on the stack is 
pulled off and checked for being Y or N. If the letter is N for No the pro- 
gram address jumps to the section of the program to determine the remaining 
input parameters required .for a loading out situation. If the letter is Y 
for Yes the program address jumps to the section of program to obtain the 
remaining input parameters .required for a unloading situation. If the let- 
ter is neither Y or N the operator didn't give the correct response so the 
program address jumps to repeat the section of program which determines'ff 
grain is being unloaded. . 

If the unload situation is being monitored a’ question asking what 
bin the grain is going into is output to the DEC-Writer. The operator replies 
by typing in a descriptive number or name for where the grain will be stored 
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in the grain terminal. Twenty five spaces in memory provide ample space to 
store the descriptive number or name showing where grain is stored. Where 
the grain is being put in the grain terminal is included on the output 
record so it can be used for later reference to find the moisture content 
of grain in individual bins in the grain terminal. Program address then 
bypasses the programming concerning the loading out situation and continues 
executing the monitoring system program. 

If a loading out situation is being monitored some control over the 
final average moisture content of the grain shipment being loaded out is 
desired. To do this, at a periodic interval calculations are performed to 
determine what the required moisture content of the remaining grain to be 
loaded has to be in order to obtain a desired, final average moisture con- 
tent for the gnain. shipment-. The equation for this calculation is 

Required MC for remaining grain- total of HC readings (31 

. number of readings remaining 

This equation required additional input parameters for desired final average 
moisture content, approximate number of readings that will be taken during 
loading of grain, and the reading interval at which the calculation will be 
made. Also a question is asked concerning what the grain shipment is being 
loaded onto. '' 

Using the same procedure as used for previous input parameters the micro- 
processor outputs questions to the DEC-Writer and brings in and stores data 
typed in on the keyboard of the DEC-Writer for the following input parameters: 
what the grain is being loaded onto, how many readings will be taken during 
loading of the grain, what is the desired final average moisture content of 
the grain shipment, and the number of readings interval between each calcu- 
lation of required moisture content for remaining grain. 

Data telling what the grain shipment is being loaded onto is stored in 
ASCII and used as part of the output record. Twenty five spaces of memory 
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storage are provided so this data can contain up to twenty five letters, 
numbers, or symbols. The approximate number of readings to be taken dur- 
ing the loading operation is stored in ASCII and converted and stored in 

* 

calculator form to be used later in performing calculations. The number 
of readings to be taken can only be five digits in length and must include 

a decimal. This allows up to 9999 readings to tje taken during a monitor- 
ing operation. The desired final average moisture content is input in 
ASCII form with two digits, a decimal, .and a tenths digit. This value is 
stored in ASCII form and then converted and stored in calculator form to 
be used later in performing calculations. A check is made to determine 
if the desired final average moisture content is ‘within the upper and lower 
limits previously input for average moisture content. If the desired final 
average moisture content isn't within these limits as it should be, a mes- 
sage stating that the desired final average moisture content is outside the 
upper and lower limits for average moisture content is output to the DEC- 
Writer and the question asking for the desired final average moisture con- 
tent is repeated. The value for number of readings interval between each 
calculation of required moisture content is input as a one or two digit 
number without a decimal, so up to 99 readings are allowed between each cal- 
culation -of required moisture content for remaining grain. The value that 
is input is in decimal form, but the microprocessor operates in hexadecimal 
so the value is converted into an equivalent hexadecimal value that requires 
one memory space. This counter value is stored in two different memory loca- 
tions, one to serve as a counter to be decremented to determine when calcu- 
lation of required moisture content for remaining grain should occur, the 
other to reload the counter after it has been decremented to zero. 

A calculation is made to find the desired to.tal of individual moisture 
content^ by multiplying the desired final average moisture content by the 
number of readings to be taken during the grain loading operation. The 



calculator instruction set is shown in Appendix C. 

t* 


The values to be used 
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in making a calculation are stored in specified spaces in memory with 

the correct calculator operators, such as enter, addition, multiplication, 
subtraction, and division already programed into correct memory space. The 

procedure for making this calculation and following calculations is the same. 
A RESET signal is sent to the calculator to clear memory buffers and registers 
in preparation for doing the next calculation. Two NOPs are sent after the 
RESET signal along with a MCLR instruction which clears all registers, sets 
mantissa digit count to eight automatically, and ’’instructs calculator to 
input and output values in floating point mode. *Next, a data block contain- 
ing number of predicted readings, enter instruction, desired final average 
moisture content, and multiply instruction is sent to the calculator. All 
data sent to the calculator must be in calculator., form. The data is sent 
to the calculator by a subroutine which requires the starting memory address 
of data in register pair BC and a counter in register D for number of bytes 
of data to be sent to. the calculator. A subroutine then instructs* the calcula 
tor to put the answer it has calculated into an output buffer so it may be 
read by the microprocessor. The READ-CAL subroutine reads the answer in 
answer form from the calculator. A counter in. register B controls the num- 
ber of bytes of the answer that are read from the calculator and stored 
in memory beginning at the address contained in register pair DE. This 
data in answer form is. then converted into calculator form and stored in 
appropriate memory space to be. used in making other calculations. 

At this point the microprocessor starts executing monitoring system 
software which is used in both, grain loading and unloading situations. The 
title heading for the output record is printed at the DEC-Writer. 

A one minute delay is programmed using counters zero and one of the 
8253 programmable interval timer. A control word of 30 is sent to the 
control word' register which instructs the programmable interval timer to 
select counter zero, Read/Load Least Significant ’Byte first, then Most Sig- 


nificant Byte, interrupt on terminal count, and counter zero will be a 

sixteen bit binary counter. Counter zero is then loaded with a value of 
1770 to be downcounted. Then a control word of 76 is sent to the control 

word register which instructs the programmable interval timer to select 
counter one, Read/Load Least Significant Byte first, then Most Significant 
Byte, produce a square wave rate generator, and counter one will be a six- 
teen bit binary counter. Counter one is loaded with a value of 2710. The 
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clock for counter one is the one microsecond clock used by the system. 

With a counter value of 2710» counter one produced a square wave form with 
a period of ten thousand microseconds or one hundredth of a second which 
acts as the clock for counter zero. ■ So every one hundredth of a second 
counter zero is downcounted by one. The binary value of 1770 which is in 
counter zero is a decimal value of six thousand. Six thousand multiplied 
times one hundredth of a second is sixty seconds or one minute. After 

the counters are set to the correct values the interrupt capability is 
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enabled. The remainder of the system software will be executing while the 
one minute delay is being counted by the programmable interval timer. The 
remainder of the system software will be through executing and the micropro- 
cessor will be in a cycle, doing nothing, while awaiting the interrupt sig- 
naling the end of the one minute delay. When counter zero is downcounted 
to zero an interrupt request (INTR REQ*) signal will be sent to the CPU, 
signaling the end of the one minute delay, and program execution will be 
sent to an interrupt handler. 

While the one minute delay is being counted program execution continues. 

A low signal is output on the Least Significant B,it of Output port 01, sig- 

naling Triac #1 to complete circuit allowing current to flow to the LOAD 

solenoid. This activates the LOAD solenoid so that the LOAD button is 

depressed allowing grain sample to_fall into test cell of the moisture meter. 

» 

The LOAD solenoid remains on for one second by using a software delay rou- 
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*<fcine. Registers B, C, and D are. loaded with appropriate values and decre- 
mented In a loop. When register B Is finally decremented to zero the one 
second delay has been completed. A more detailed explanation of this delay 
routine is given in The Designer's Guide to Programmed Logic. When the 
one second delay has been completed a high signal is output on the Least 
Significant Bit of Output port 01, signaling Triac H 1 to brea-k circuit , 

to turn off the LOAD solenoid, releasing the LOAD button. 

£ 

The same type of delay routine as was just used is used to provide a 
fifteen second delay to allow moisture meter enough time to take a moisture 
content reading of the grain sample in the ‘test cell of the moisture meter. 
After the fifteen second delay has been completed the moisture content 
reading taken by the moisture meter is read by the microprocessor and 
stored in actual form as a three digit value. A check is made to deter- 
mine if the moisture content reading taken is valid. If the moisture con- 
tent reading is less than 05.0 or greater than 50.0 it is considered an 
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invalid reading. If the reading is invalid a message stating that the 
reading is invalid is output to the DEC-Writer along with the invalid read- 
ing and the reading is disregarded. The grain sample is dumped out of 
the test cell, time keeping is performed, and the system awaits the one 
minute interrupt signal. 

If the moisture content reading is valid the ACT-ASCII subroutine is 
called to convert the moisture content reading from actual form into ASCII 
form. The moisture content reading is stored in ASCII form as part of the 
output record. The ACT-CAL subroutine is used to convert and store mois- 
ture content reading in calculator form to be used in calculating average 
moisture content. 

Calculations are performed to find the present average moisture con- 
tent value. This will require three calculations to be made by the calcu- 
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lator card. These calculations are present total of moisture content read- 
ings, number of moisture content readings taken, and the average moisture 
content value. These calculations are performed in the same manner as the 
calculation that was previously done. A listing of what is stored in cal- 
culation space is shown in Table 2 which is in ap earlier part of this section. 

The first calculation is to determine the total of moisture content 
readings. A RESET signal is sent to the calculator card and instructions 

for mode and mantissa digit count are then output to calculator card. Next 
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the LOAD-W-COUNT subroutine is used to send data starting at 3066 and the 
following OF bytes to the calculator. This data* includes individual mois- 
ture content reading, enter operator, total of moisture content values, 
and addition operator. OUT subroutine informs calculator to prepare to 
output the answer so it can be read by the microprocessor. The READ-CAL 
subroutine reads the answer from the calculator and stores it in answer 
form in the storage and calculation memory’ space. The answer is then con- 
verted into calculator form and stored in two different memory locations 
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to be used for later calculations. 

Next the number of readings taken is calculated using the same calcu- 
lation procedure. The data that is sent to the calculator to be used in 
making the calculation is number of readings taken, enter operator, 1.0, 
and the addition operator. This calculation adds one to the previous num- 
ber of readings taken to obtain the present number of readings taken. The 
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answer is read from the calculator, stored in memory in answer form, con- 
verted to calculator form and stored in three different memory locations 
to be used for making more calculations. 

Now the microprocessor h.->. values required .to calculate a present 

average moisture content. Data sent to the calculator card is the values 

« 

which have just been calculated and stored in memory in calculator form 
The sequence of data, transmission Vis *total of 'moisture content- values, , 


enter instruction, number of readings taken, and the division instruction. 
The answer is read and stored in answer form into memory. A special sub- 
routine, AVG-ANS-CAL, is used to convert data from answer form into cal- 
culator form and store it into memory. The subroutine rounds the data to 

three digits in the form of two digits, a decimal point, and a tenths digit. 
An average moisture content value calculated to be 9,4'a56000 would be 00 
OB 09 04 05 05 06 00 00 00 in answer form and would be converted to 00 09 
OA 05 in calculator form or printed as 09.5 on the output record. This 
prevents the average moisture content value from being printed with a hun- 
dredths digit which would imply accuracy which cfoesn't exist. The average 
moisture content value is converted from calculator form into ASCII form 
and stored in memory as part of the output record. 

The output record is printed at the DEC-Writer by the use of the 
BUFOUT subroutine. The output record contains data, time, individual mois- 
ture content reading, average moisture content value, and the destination 
where grain will be stored. 

* 

The next sequence of instructions checks the individual moisture 
content reading and average moisture content value for being outside the 
limits input at the beginning of the monitoring operation. In preparation 
for performing these checks the average moisture content value is convert- 
ed from calculator form into actual form and stored into memory. The 
subroutines used to perform these checks are H I-INDI V-TEST , LO-INDIV-TEST," 
HI-AVG-TEST, and LO-AVG-TEST. The starting address for limit value is 
loaded into HL register pair and the starting address for moisture content 
reading or average moisture content is loaded into the DE register pair. 

A counter value for number of bytes to be compared is loaded into register 
B and when the appropriate subroutine is called it does the comparison. 

All values compared are in actual form to make the comparison easier and 
simpler. If the value being checked is outside the limits set for it,, an 
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appropriate message stating value is outside limit is printed at the DEC- 
Writer and program execution continues. Otherwise program execution con- 
tinues without anything being printed at the DEC-Writer. 

After performing these checks for values being within their limits 
the system checks to determine if it needs to do a calculation for requir- 
ed moisture content for remainder of grain to be loaded. The direction 

indicator is pulled off the stack to determine if system is in loading 

or unloading mode. If the system is in the unloading mode the calcula- 

tion isn't required so program execution jumps to the section of program- 
ming which controls the unloading of the grain sample from the test cell. 

If the system is in the loading mode the counter for readings interval 
between calculation is decremented and checked for being zero. If the 
counter is nonzero it isn't time to do the calculation so program execu- 
tion jumps to the section of programming that controls unloading of the 
grain sample from the test cell of the moisture meter. If the counter is 
zero it is time to do the calculation to find the required moisture con- 
tent of the remaining grain to be able to obtain the desired final ave- 
rage moisture content. 

To find the required moisture content for remaining grain Equation 
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3 is used. A calculation must be done to find the number of readings 
remaining. Data that is sent to the calculator to do that calculation is 
number of predicted readings, enter instruction, number of readings taken, 
and subtraction instruction. The value for number of readings remaining 
is read from calculator and stored in answer form. Then it is converted 
into calculator form and stored into memory to be used in calculation for 
required moisture content of remaining grain. The. CHECK-READING subroutine 
is used here to check if number of readings remaining is zero signaling that 
the predicfcednreadings have been taken and that no** more calculations for 
required moisture content will be made.. If the number of readings remain- 
ing is zero a message stating this is printed at ’the DEC-Writer and the 


direction indicator on the stack is changed to indicate an unloading 
mode. N° more calculations for required moisture content for remaining 
grain will then be made. All of this is done by the CHECK-READING subrouti 
and program execution will be sent to the UNLOAD-GRAIN section of the pro- 
gramming to unload grain from test cell. 

If all of the predicted readings haven't been taken the calculation 
is done to find the required moisture content far remaining grain. The 
data that is sent to the calculator is total of desired moisture content 
readings, enter instruction, present total of moisture content readings 
taken, subtraction instruction, number of readings remaining, and the 
division instruction. This is Equation 2 put into the calculator's langu- 
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age. The required moisture content of remaining grain is read from calcu- 
lator and stored into memory in answer form. The AVG-ANS-CAL subroutine 
converts this data from answer form into calculator form, rounds the 
required moisture content to three digits in the' form of two digits, a 
decimal point, and a tenths digit. This is the standard format for all 
moisture content values used in the monitoring system. Then this required 
moisture content value is converted into ASCII form and stored into memory 
This value is then printed at the DEC-Writer along with a statement say- 
ing that this is the required moisture content for the remainder of the 
grain to be able to obtain the desired final average moisture content for 
the grain shipment. The counter which was checked to determine when to 
make calculation is then reinitialized from the other counter in memory 
space which contains number of readings interval between doing each calcu- 
lation for required moisture content of remaining grain. 

Next the grain is removed from the test cell of the moir'.ure meter. 
This is done by sending a low signal on the next to Least Significant Bit 
on Output Port 01 which signals the Triac § 2 to'.activate the UNLOAD sole- 
noid to depress the UNLOAD button. A one second delay is then enter ed to 
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leave the UNLOAD button depressed for one second to allow the grain sam- 
ple enough time to fall out the bottom of the test cell of the moisture 
meter. Then the line that controls Triac #2 is -set, high and''6utput through 
Output Port 01 to s igned Trlac J.2 to .tu rn-off the solenoid. When- c, 

ever turning off either of the solenoids the two Least Significant Bits 
being output to Output Port 01 must be high to prevent inadvertently turn- 
ing on one of the solenoids. ' 

The remainder of the main program deals with timekeeping to maintain 
correct time and day of the month. The hours, minutes, and AM or PM desig- 
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nation or pulled out of memory in ASCII form and put into register pairs 
BC, DE, and HL respectively. The minutes value *in register pair DE is 
converted from two bytes of ASCII coding into one byte which contains two 
decimal digits and this byte is stored in register E. An example is ASCII 
33 35 which is converted into 35. The hours value is converted in the • 

same manner and stored in register C. Now the time interval of one minute 

is added to the previous minutes time. Then the minutes value is checked 

for being greater than or equal to sixty.. If it isn't greater than or equal ~~ 
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to sixty program execution jumps to STOR-TIME routine which converts time 
back into ASCII form to be printed as part of the output record. If the 
minutes value is greater than or equal to sixty it is subtracted by sixty 
to get the correct minutes value and one is added to the hours value. 

Then the new hours value is checked for being thirteen which should 

be a one. If the hours value is thirteen ,it is changed to one .which it 

should be, and program execution jumps to the STOR-TIME routine. If the 
hours value isn't thirteen program execution jumps to the CHECK-12 rou- 
tine. The new hours value is checked for being twelve and if it isn't 
program execution jumps to STOR-TIME, routine. If the new hours value is 
twelve the AM or PM designation and possibly the day of the month will have 
to be changed. 
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If time designation was A it is changed to P to indicate that time 
is changing from the first twelve hours of the day to the last twelve hours 
of the day. Then program execution jumps to the ST0R-T1ME routine. If 
time designation was P program execution jumps to the PH routine which 
handles this condition. The P is changed to an A which indicates a change 
from the last twelve hours of the day to the fir^t twelve hours of the next 
day. Now the day of the month must be incremented so the second digit of 
the day of the month is brought from memory in ASCII form and incremented 
one. If this results in an ASCII 4D this indicates that the first digit of 
the day of the month must be incremented one. So the ASCII value for the first 
digit of the day of the month is incremented one and the second digit of the 

day of the month, is. reset to an ASCII 30 to indicate a zero for the second digit 
of the day of the month. After being incremented the first digit of the day of 
the month is stored back into memory in ASCII form. Then the second digit of the 
day of the month is stored back into memory in ASCII form by the STOR-DATE routine. 
If the second digit of the day of the month wasn't an ASCII 40 then the 
program execution jumped to the STOR-DATE routine to store the ASCII form 
of the second digit of the day of the month back into memory space as part 
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of the output record. 

After getting the correct date put into the output record memory space 
the STOR-TIME routine is executed. This routine puts the current time just 
calculated back into the output record memory space. The PM or AM desig- 
nation is put back into proper memory space. The first digit of minute 
time is converted back into ASCII form and stored in register D, and the 
second digit of minutes time is converted back into ASCII form and stored 
in register E. Then the minutes .time in ASCII form in register pair DE is 
stored back into output record memory space. The same procedure is used 
with registers B and C to store hours value of time back into correct memory 
space. This completes the programming required to update the time and date. 


Now the microprocessor is ready to wait until the interrupt occurs 
signaling the end of one minute delay. During this time an input to 
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instruct the moisture content monitoring system to go into the WAIT mode 
can be entered. In the WAIT mode the system only does timekeeping to main- 
tain the correct time and date. It is advantageous to put the system into 
the WAIT mode if the grain transfer equipment must be stopped such as for 
minor repair or to change the bin that grain is feeing removed from or being 
loaded into. ' 

A WAIT-CHECK routine checks for wait input being entered. The micro- 
processor enters a subroutine to wait for an input. If there is no input 
sent from keyboard of DEC-Writer the microprocessor stays in the CIN sub- 
routine until the interrupt occurs. If an input is entered from the key- 
board of the DEC-WRITER it is brought into the microprocessor and then 
echoed back to the DEC-Writer to show it was received. The data entered 
is checked for bein g a W in dicating system should go into WAIT mode. If 

data entered isn't a. W, program execution-jumps to RUN routine to check if 
it is a R indicating RUN mode is desired. If data entered was a W the 
direction indicator is pulled off the stack, the, previous mode indicator 
is pulled off the stack, the W is pushed onto the stack as the mode indi- 
cator, and the direction indicator is pushed' back onto the stack. Then 
a statement saying the system is in the WAIT mode is printed at the DEC- 
Writer. Program execution then returns to WAIT-CHECK routine to check for 
a new input changing the mode of the system or to await interrupt signal,' 

The RUN routine checks input for being a R which signals that the 
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moisture content monitoring system should return to the RUN mode and start 
monitoring moisture content again. If the input isn't an R or a W then 
it is a incorrect input and program execution returns to WAIT-CHECK routine 
to await a correct input. If input is an R the Direction indicator is 
‘pulled off the stack, the previous" mode indicator is pulled off the stack, 
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the new mode indicator, R, is pushed onto the stack, and the direction indi 
cator is pushed back onto the stack. The mode indicator is put onto the 
stack so that after an interrupt occurs the system can decide to return 
to normal monitoring operation or only do timekeeping. A message stating 
system is in the RUN mode is then printed at the DEC-Writer. 

Subroutines - The following discussion covers the software contained in 
memory space 0C00 through OFFF. This is the subroutine software which is 
in Appendix B, directly following the main program software. Each subrou- 
tine has a NOP or two in the instruction column before it and these lines 
are used in the comment section to briefly describe what the subroutine 
does. This section will give a detailed discussion of the subroutines 
in the order in which, they are stored in memory. 


The CIN subroutine is used to input a character from the keyboard 

of the DEC-Writer into the CPU. This is done by checking the status word 

of the 8251 USART connected to Input Port 21. If the next to Least Sig- 
nificant line is low the microprocessor keeps checking the USART status 
until a high is received on this line. When a high on this line which 
is the RxRDY (Receiver Ready) line this indicates that the USART has a 
character to be input by the CPU. The character is brought into the accu- 
mulator by an input command for the data port of the USART which is Port 

20. Now that the character has been put into the accumulator program 
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execution is returned to the next address after the calling instruction 
in thA'maji'nnprogram. 


Data is sent from the microprocessor to be printed at the DEC-Writer 

f y. 

by the COUT subroutine . Data to be sent is stored in the accumulator v '-' 

when the COUT subroutine is called. In the COUT subroutine the data in 
the accumulator is saved on the stack. The status word is brought in 
by Input Port 21 and the Least Significant Bit which is the TxRDY (Trans- 

.9 

mitter Ready) status is checked until it goes high indicating that the 
transmitter data input register 'is empty and can be used to convert 
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parallel data Into serial data and send the data character to the DEC- 

Writer. Then the data to be sent to the DEC-Writer is retrieved from 

the stack and sent to the USART by Output Port 20. The data is converted 

from parallel to serial and transmitted to the printer of the DEC-Writer 

and program execution is returned to the main program address immediately 

* 

after the instruction which called the GOUT subroutine. 

The Bufout subroutine is used to print a block of data at the DEC- 
• Writer. The main program provides register pair HL with the starting 

address of data to be printed and data in the following memory addresses 
is printed until a NOP (00) is found which signals the end of the data 
block to be transmitted. This subroutine is used to print the questions 
and statements contained in the moisture content monitoring system. When- 
ever the BUFOUT subroutine is entered whatever was f in the accumulator is 
stored on the stack. The data stored in the memory address is loaded 
into the accumulator and printed by calling the COUT subroutine. Data 
continues to be printed by repeating this procedure until a NOP is found. 
Then what was originally in the accumulator and the flag status is restor- 
ed from the stack and program execution is returned to the main program. 

Data is brought in from the keyboard of the DEC-Writer and stored 
in ASCII form by the READ-DEC-ASCII ■subroutine. ' The starting address 
where data is to be stored is loaded into the HL register pair and data 
is stored in this address and the following address. Data is brought in 
from keyboard by CIN subroutine and echoed back .to the printer to show 
the operator what he typed on the keyboard. Then the data is stored in 
ASCII form into the memory address in 'register pair HL and register pair 
HL is then incremented to next memory ‘address. This procedure continues 
until a carriage return is received indicating end of data to be read 
and program execution returns to the main program. 


The READ-DEC-ACT subroutine reads data from the keyboard and stores 
it in memory in actual form. This subroutine wcy*ks in the same manner as 
the READ-DEC-ASCII subroutine except it converts' data to actual form 
before storing it in memory. Conversion to actual form is done by sub- 
stituting a zero in the first digit instead of a three and deleting the 
decimal point. This subroutine is only used to input numbers so all 
ASCII numbers have a three in the first digit. 7 is represented as a 
hexadecimal 37 in ASCII and as a hexadecimal 07 in actual form. 

Moisture content reading is read from the moisture meter and stored 

in memory in actual form by the READ-MC-ACT subroutine. The moisture con- 
tent reading will be stored as a three byte value starting with the memory 
address loaded into register pair HL in the main program before calling 
this subroutine. The first digit of moisture content reading is read by 
Input Port 01 and stored directly into memory. The second and third digits 
are read by the Input Port 00 with the second digit in the four MSB (Most 
Significant Bit) and the first digit in the four LSB (Least Significant 
Bits). This value is converted into two bytes in actual form, stored into 
memory, and program execution then returns to main program. 

The counter for readings interval between doing calculation for required 
moisture content of remaining grain is read from the keyboard by the READ- 
DEC-COUNT subroutine. This value can be either a one or two digit value. 

It is read from the keyboard by the CIN subroutine and printed at the 
printer on the DEC-Writer by the COUT subroutine ; A carriage return sig- 
nals the end of the input of data. The one or two digit value is convert- 
ed into actual form and combined, if two digits, and then stored into memory 

as a one byte value. If more than two digits are input the additional -digits 
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are ignored and the microprocessor, awaits a carriage return signaling' end of 
input and after it is received program execution returns to main program. 

The following subroutines are used with calculator -card ingoing cal- 


culations required by the moisture content monitoring system. The RESET 
subroutine is used to reset calculator in preparation for making the next 
calculation. A RESET signal is sent by sending a low signal on the most 
significant line of output port 02. This line is held low for at least 
twenty five microseconds. Then a high signal is sent on this line to 
release the reset and program execution returns “to main program. 

Data and instructions are sent to the calculator by the LOAD-W- COUNT 
subroutines. Before calling this subroutine the main program initializes 
register pair BC to the first address where data' to be sent is stored and 
loads register D with a counter value for number of data bytes to be sent 
to the calculator. The READY line is checked until it goes high indicat- 
ing that calculator is ready to accept data. Data must be in calculator 
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form so that it can be understood by the calculator. The data is then 
sent to the calculator through Output Port 03 along with a high on the 
STROBE-IN line which informs the calculator to read what is on the data 
lines. The STROBE-IN line is then cleared and the counter in register D 
is decremented. This procedure continues until the counter in register 
D is decremented to zero, then program execution returns to the main pro- 
gram. 

Instructions telling the calculator that it will be read from and 

to have its data available to be read is done by the OUT subroutine. 

The OUT instruction is a two byte instruction and is sent to the calcu- 

lator in the same way that the L0AD4I-C0UNT subroutine sends data. The 

READY line is checked until it goes high, first part of OUT instruction 

is sent along with a high on STROBE-IN line to calculator, ■ STROBE-IN 
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line is cleared, READY line is checked until it goes high again, second 
part of OUT instruction is sent along with a high on STROBE-IN line to cal 

,culator, STROBE-IN. line is cleared, and program execution' is returned ‘to 

/ 

main program. It doesn't matter what the second part of the OUT instruc- 


tion is, so an hexadecimal 11 is abed*:. 


The READ-CAL subroutine reads the answer from the calculator and stores 
it in answer form in memory. When average moistyre content value is cal- 
culated it is rounded to three significant digits by this subroutine. 

Before calling the subroutine the main program initializes register pair 
DE to the memory address where answer will be stpred and a counter for 
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number of bytes of answer to be read is loadedvinto register B.’ 'After entering 
the subroutine the counter in register B is saved in register C for mak- 
ing a check later in the subroutine. The DATA AVAILABLE* line is checked 
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until it goes low indicating that calculator has '-data ready to be read. 

When the DATA AVAILABLE* line goes low, data is read from the calculator 
through Input Port 03, stored in memory in answer form, STROBE-OUT is set , 
high, then cleared to prepare to read next byte of data, and register Bncounter 
is decremented. This procedure continues reading bytes of data until regis- 
ter B counter is zero, Then the original counter value is checked for 
being 05. If it isn't 05, then some calculation other than average moisture 
content was made so rounding isn't required and program execution is return- 
ed to main program. If 05 bytes were read this could be a calculation for 
average moisture content so it needs to be rounded. 

To do the rounding an additional byte of data is read from the calcu- 
lator. If this byte of data is less than five.no rounding is required 
so program execution jumps past rounding software and sends STROBE-OUT 
high signal to calculator, clears STROBE-OUT and: returns program execution 
to main program. If data byte just read is greater than or equal to five, 

rounding is required. The third digit of average moisture content is 
recalled from memory, rounded up one, and stored back"! n to memory. If 

the third digit is a decimal value program execution jumps to the CON- 
TINUE 1 routine. If the third digit value was incremented from 09 to 
OA then the third digit value is changed to 00 and stored back into cor- 


rect memory space. Then the second digit value is incremented one and 
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checked for being OA. If it isn't 0A,then program execution jumps to 
CONTINUE 1 routine. If second digit value is OA*, it is changed to 00 and 
the first digit is incremented. If first digit isn't OA, then program 
execution jumps to CONTINUE 1 routine. If first digit is OA it is chang- 
ed to 01 and the decimal point position ..indicator is decremented. For 
example a average moisture content value of 9.995 is read from calculator 
in answer form as 00 OB 09 09 09 05. and Is rounded to'a ,, three digit answer 
value of 00 OA 01 00 00. The first byte is sign byte and the second byte 

is the decimal point position indicator. Now the CONTINUE 1 routine 
sends a STROBE-OUT high to calculator, clears it and program execution 
returns to main program. 

All of the next eight subroutines except for the COPY subroutine are 
used to read data stored at one place in memory in one number form, con- 
vert data to another number form, and store converted data in another form 
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at a new memory location. The COPY routine is for moving data from one 
block of memory space to another block of memory space without converting 
any of the data. The conversion subroutines are used to convert- data 

that was input, read or calculated to a different number form to* do "com- 
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parison, new calculations, wor? to be printednat. the DEC-Writer. Before- 
the main program calls any of these subroutines it initializes register 
pair HL to the first address of the memory, space where data is to be 
read, and register pair DE is initial ized to the first address of the 
memory space where converted data will 1 be stored. Also some of the sub- 
routines use a counter for number of bytes to be converted. This counter' 
is loaded into register B by the main program before the subroutine is 
called. Whenever the subroutine completes its task program execution 
is returned to the main program by the- return instruction. 
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The COPY subroutine Is used to copy the initial storage and calcula- 
tion memory space from ROM (Read Only Memory) in'to RAM (Random Access Mem- 
ory) where data can be written into this memory «space. A data byte from 
the memory addressed by register pair HL is loaded into the accumulator 
and then stored into memory addressed by register pair DE, Both register 
pairs are incremented to the next memory addressed the procedure con- 
tinues until desired number of data bytes is transferred at which time pro- 
gram execution is returned to main program, 

ASCII form numbers are converted into calculator form numbers by the 

ASCII-CAL subroutine . This subroutine is used to convert predicted number 

of readings which is input in ASCII form into calculator form for making 
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calculations. A decimal 5 is a ASCII 35 and is a 05 in calculator form. 

Also the ASCII decimal point (2E) is converted into the calculator form 
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decimal point (OA). The number of data bytes to .be. con verted is control}*- 
eb by ■-the counter in Register B. 

The ANS-CAL subroutine converts data from answer form as read from 
calculator into calculator form which can be used to make more calculations 
or be converted again into another form. The sign byte of answer form 
data is deleted since all values calculated are positive. A check is 
made to determine what the decimal point position indicator is and depend- 
ing on the value of the decimal point position indicator a counter value 
is loaded into register C to show where to insert calculator form decimal 
point. After determining the value of the counter to be put into regis- 
ter C a data byte is converted from answer form into calculator form and 
registers B and C are decremented. This continues until register C is 
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decremented to zero. Then a calculator form decimal point is inserted, 
into calculator..form memory space tand register B is decremented. Then 
data conversion continues until register S is zero -indicating all data 


conversion has been completed, 

Actual form individual moisture content reading which was used in 
comparison tests is converted into ASCII form value to be stored in the 
output record by the ACT-ASCII subroutine . This* subroutine doesn't use 
a counter for number of bytes to be converted. The individual moisture 
content reading has only three digits which are stored as three data 
bytes in actual form. The first two digits are converted from actual 
form into ASCII form. An ASCII decimal point is inserted into the ASCII 
memory space and the third digit is then converted from actual form into 

ASCII form. This produces a moisture content value composed of two digits 
a decimal point, and a tenths digit. 

Ij e , A _ CT- CAL s u b rou t j ne converts actual form moisture content values 
into calculator form to be used to do more calculations. This subroutine 
operates exactly the same as the previous subroutine except the decimal 
point inserted is a calcula tor fo rm decimal point. 

Average moisture content values are converted from calculator form 
into ASCII form to be stored in the output record by the CAL-ASCII subrou- 
tine . This subroutine does use a counter to control the number of bytes 
to be converted. A check must be done on each byte to determine if it is 
the calculator form decimal point. If it is the calculator form decimal 
point.it is converted into the ASCII decimal point and stored in ASCII 
memory space. If it isn't the calculator form decimal point the number 
contained in the byte is converted from calculator form into ASCII form. 
This procedure continues until the counter in register B is decremented 
signaling all data bytes have been converted. . 

The CAL-ACT subroutine converts the calculator form of average mois- 
ture content into actual form so comparison tests can be ran. To do this 
the byte that contains the calculator form decimal point must be identified 
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and deleted. Other than the decimal point the calculator form and actual 
form are the same, so the remaining calculator form bytes are stored into 
actual form memory space. 

Whenever an average moisture content value is calculated it must 

be converted from answer form as read from calculator into calculator 

) 

form as two digits, a decimal, and a tenths digif. The AVG-ANS-CAL sub- 
routine does this conversion. This requires determining if the decimal, 
point position indicator byte contains an OA or an OB. If the decimal 
point position ind icator is OA this indicates th'iat when the answer form 

is converted to calculator form the decimal poirft will be correctly placed 
between the second and third digit. The number bytes in answer form 
are the same as in calculator form. So whenever an OA is in the decimal 
point indicator byte, two answer form bytes are stored as calculator form 
bytes, a calculator decimal point is inserted and the third answer form 
byte is stored as a calculator form byte. When the decimal point posi- 
tion indicator contains an OB this indicates that there is only one digit 
before where the decimal should be placed. This occurrs when the average 
moisture content value that is calculated is less than 10.0 percent., In 
order to represent the correct amount of accuracy and to keep average mois- 
ture content value digits in correct position to make comparison tests there 
must be two digits, a decimal, and a tenths digit in the average moisture 
content value. So in this case a zero must be inserted as the first digit, 
the first digit from answer form is stored as th’e second digit in calcula- 
tor form, and the second digit from answer form is rounded and stored as 
the third digit in calculator form. The rounding routine is similar to 
the one used to do the rounding in the READ-CAL subroutine. ; •• 

— . . . wtu* w ' 

The DECIMAL-HEX subroutine changes the one byte two digit decimal 
counter value for number of readings interval between calculation of.requir- 


67 


ed moisture content for remaining grain into a one byte two digit hexa- 
decimal value. The counter valpe must be changed from decimal to hexade- , 
cimal because this is the number system in which the microprocessor operates. 
Register pairs HL and DE are initialized by the main program to the memory 
addressess where the decimal value is stored and where the hexadecimal 
value will be stored. The subroutine loads the decimal value into the 
accumulator. Register C is loaded with the first digit of the decimal 
value as a counter for number of times to go through decrement cycle. 

The decrement cycle decrements the decimal value'' six times and register 
C is decremented. This procedure continues unti«l the counter in regis- 
ter C is zero indicating the decimal value has been converted into a hexa- 
decimal value. The hexadecimal value is then stored in the memory space 
addressed by register pair DE. 

The INDIV-CHECK subroutine checks the individual moisture content 
reading limits that were input from the keyboard to determine if the high 
limit is greater than or equal to the low limit. If there was an error 
in the inputs from the keyboard this subroutine would help detect it in 
many cases. Register pair HL is loaded with the starting address where 
the high limit for individual moisture content reading is stored in actual 
form and register pair DE is loaded with the starting address where the 
low limit for individual moisture content reading is stored in actual form, and 
Register B is loaded with a counter for number of bytes to be compared. 

The high limit digit is loaded into register C and the low limit digit 
is loaded into the accumulator and the digits are compared. If low limit 
digit is less than high limit digit the low limit value is less than high 
limit value so program execution jumps to HI-AVG-READ in main program. 

If the low limit digit isn't less than or equal to high limit digit then 
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the low limit value is greater than the high limit value so program execu- 
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tion jumps to READ-LIM-MESS to print a message stating this has occurred. 

The counter is decremented and checked for being zero. If the counter 
isn't zero the procedure is repeated until desired number of bytes have 
been compared cr one of the previous cases occur. 

A check similar to the INDIV-CHECK js performed by the AVG-CHECK to 
determine if high average moisture content 1 imi>t is greater than or equal 
to low average moisture content limit. This subroutine operates the same 
except if inputs are correct program execution jumps to DIRECTION routine 
in main program and if inputs are incorrect program execution jumps to 

r t 

AVG-LIM-MESS to print message stating inputs are incorrect. 

The DESIR-AVG-TEST subroutine checks to determine if the desired ave- 
rage moisture content value input at the keyboard is within the high and 
low limits for average moisture content. * Thi s subroutine operates by 
checking if high average moisture content limit 'is greater than or equal 
to desired average moisture content value and if low average moisture con- 
tent limit is less than or equal to desired average moisture content Value. 

The checks in this subroutine are done in the same manner as the checks in 
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the previous subroutines. 

When the individual moisture content reading is read from the moisture 

meter the HI-VALID-TEST and the LO-VALID-TEST routine check to make sure 

the reading is valid. The high valid moisture content reading is 50.0 

percent and the low valid moisture content reading is 05.0 percent. These 

checks are performed the same way as the other checks, If a grain sample 
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wasn't gotten into the test cell of the moisture meter a^ value, in £h_£ 
high nineties will be given for corn or soybeans and a value between zero 
and one will be given for oats. These checks are used to detect if this 
occurs, if so the reading will be ignored. 


The next four subroutines are HI-INDIV-TEST», LQ-INDIV-TEST, HI-AV6- 
TEST, and LO-AVG-TESL The first two check individual moisture content 
reading for being greater than or less than the limits input for indivi- 
dual moisture content reading. And the last two check average moisture 
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content value for being greater than or less than the limits input for 
average moisture content. These subroutines work the same as the other 
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comparison subroutines. Whenever a value is outside the limit being check- 
ed a message stating this is printed at the DEC-^riter. 

A check is performed by the CHECK-READING subroutine when the system 
is in the load monitoring situation to determine if the predicted number 
of readings have been taken. Unlike the other comparisons which were done 
with data in actual form this subroutine works with data in calculator 

form. The number of readings remaining data is checked. The predicted 
number of readings have been taken if all of the data bytes except the 
decimal point byte contain zeros.,. When this occurs the direction of 
grain indicator on the stack is changed from N to Y to signal there will 
be no more calculations for required moisture content of remaining grain. 

A message stating that predicted number of readings have been made is print- 
ed and program execution jumps to the UNLOAD-GRAIN routine in main program. 

The next nine subroutines are used to print messages from the com- 
parison subroutines stating that a certain situation has occurred. These 
subroutines load the starting address of their particular message into 
register pair HL. Then the message is printed at the DEC-Writer using 
the BUFOUT subroutine. Finally the subroutine sends program execution to 
the correct address in the software. 

At addresses 1580-1582 the instructions are stored which are sent to 
the calculator after it has been reset. Two NOPs should be sent after a 
reset and then the Master Clear (MCLR) .instruction is sent to instruct cal- 
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culator to clear all registers, automatically set mantissa digit count to 
eight, and input and output values in floating point mode. 

When an interrupt occurs at the end of the one minute time delay the 
microprocessor's program execution is sent to address 0038 by the RST 7 
instruction. At this address the microprocessor is instructed to jump to 

address 1585 which is the Beginning of the INTR-RESET routine . This routine 
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reloads counter zero of the 8253 Programmable Interval Timer to set up the 
one minute time delay again. Counter zero is reloaded in the same manner 
that was used to load it earlier in the main program software. The return 
address showing where program execution was when the interrupt occurred 
is pulled off of the stack. Then the return from subroutine address which 
is next on the stack is removed. These addresses are removed because 
they aren't going to be used and they must be removed after each interrupt 



to prevent them from building up on the stack and eventually moving down 
into RAM calculation space. Next, there is a interrupt enable command to 
allow interrupt to occur at end of one minute time delay. The system mode 
indicator is moved into the accumulator to check for WAIT or RUN mode. 

If the system is in the WAIT mode program execution is directed to the time- 
keeping routine to. update the time. If the system is- in the RUN mode pro- 
gram execution is directed to load a fresh sample and repeat monitoring 
operation. 

Performance. Tests 

A test to simulate the use of the moistureJrnonitoring system under 
actual conditions was performed to determine if 'the system would operate 
correctly. The system was operated with two different test procedures. 

One test procedure was simulating incoming graiu being unloaded into a 

bin at a grain terminal. The other test procedure simulates grain being 
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loaded onto some type of carrier to be transported to another grain 
terminal . 
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Approximately 25 kg of corn was obtained to prepare samples for 
testing the system. This corn was measured by the moisture meter to 
have an initial moisture content of 12.7 percent wet basis. Five groups 
of corn were prepared by adding varying, amounts of water to each group. 
Three larger groups of 7.5 kg of corn were prepared with approximately 
one percent moisture content increments between each group. The other 
two groups of 1.25 kg of corn were prepared with one group being distinct 
ly lower and the other group being distinctly higher in moisture content 
than the middle three groups. The approximate moisture content of the 
groups of corn was 13, 15, 16, 17, and 19 percent. All of the corn was 
prepared at the same time and a period of 24 hours was allowed for the 
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moisture content in each group to approach an equilibrium value. During 
the waiting period the corn was manually stirred several times to keep 
damper corn mixed with dryer corn. This speeded the process of bring- 
ing moisture content towards an equilbrium value, in each lot of corn. 

The moisture content for samples from each group will still vary some 
but this is appropriate since this will better simulate different mois- 
ture content of corn samples being pulled from corn arriving at a grain 
terminal. 

The first test procedure was to simulate incoming corn at a grain 
terminal. An experimental design was setup to measure moisture content 
of samples drawn from the prepared groups in a random sequence. The 
test was to be two hours in length using one minute sampling intervals. 

So a random number table was used to generate 120 random numbers. The 
values were selected by randomly picking a value and taking it and the 
next 119 values which range from 0 to 9. When there is a 1, 2, or 3 a 
sample from the 15% moisture content corn ip pulled and put in the mois- 
ture meter. When there is a 4, 5, or 6 a sample from the 16% moisture 
content corn is used and when there is a 7, 8, or 9 a sample from the 


17% moisture content corn is used. The 13% or 19% moisture content corn 
is used whenever a zero appears. Whether the 13% or 19% moisture content 
corn is used depends on the -list of random numbers preceding the zero. 

If a one is closer to the zero than a nine,' then a sample from the 13% 
moisture content corn is used. If a nine is closer to the zero than a 
' one, then a sample from the 19% moisture content .corn is' used. This is 
the random sequence used to load samples of varying moisture content 

into the moisture meter. 

The inputs that the system asks for in preparation for the monitoring 
operation are then loaded by the operator. Upper and lower limits for 
an individual moisture content reading are 17.5 and 14.5. The three 
middle moisture content groups of corn are inside these limits and 
the high and low moisture content groups are outside these limits. 

Average moisture content for all groups of the corn should be approxi- 
mately 16% so the upper and lower limits for average moisture content 

is -set at 0.5% on either side of this value at 16.5% and 15.5%. 
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Then the monitoring process began with a corn sample being deliver- 
ed to the moisture meter. ' The -system loaded the sample into the mois- 
ture meter, a reading was taken, an output record was printed, and 
the sample was dumped. The operator then returned this sample to the 
corn group it was pulled from, delivered a fresli sample to the moisture ‘ 
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meter, and the system repeated the monitoring procedure. Samples were 
loaded in the order that the corresponding random numbers were drawn. 

A printout of the output from the system during,;the test is shown in 
appendix D. The fourth reading is invalid because only a small frac- 
tion of the correct sample size was loaded and so an excessively low 
reading was obtained. Also, the fifth reading was invalid because no 
corn was loaded and an excessively high reading was obtained. This 
shows the system's capability to check for these type of invalid 


readings and not use them in the calculation of average moisture con- 
tent. Immediately after the 4:06 reading the system was put into the 
wait mode so that all it does is keep the correct time. This allows 
an interruption in the monitoring process for equipment repair or any 
other temporary delay. Then the system was put back into the run 
mode and the remainder of the test was completed. 

During the test procedure for the unloading of incoming grain the 
moisture content monitoring system performed correctly. Timekeeping 
for the one minute sampling intervals and for the total test period 
was correct. Calculation of average moisture content with appropriate 
rounding was correctly done. All of the checks on limits and the appro- 
priate output messages operated as required. So the system worked as 
expected and performed all requirements during this phase of testing. 

The other test was run to determine how well the moisture content 
monitoring system performed under conditions where grain was being load- 
ed onto a carrier to be transported to another grain terminal. In this 
test only two of the groups of corn were used. These groups contained 
corn of 15% and 16% moisture content. This test used these groups of 
corn in an attempt to obtain a shipment of corn with a moisture content 
of 15.4 percent. Moisture content of corn must’be between 14.0 and 15.5 
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percent to be #2 grade corn so if 15.4 percent is obtained this corn 
shipment would qualify for #2 grade. 

Inputs required by the system are set by the operator. Upper and 
lower limits for individual moisture content readings are set as 16.2 
and 14.8 percent so almost all of the corn from the two moisture con- 
tent groups used should be within the limits. Upper and lower limits 
for average moisture content are set at 15.8 and 15.0 percent to be 0.4 
percent on either side of the desired final average moisture content. 


The desired final average moisture content is 15.4 percent, There 
should be 120 readings with a 10 reading interval between each calcula- 
tion of what the remaining moisture content should be to obtain the 
desired final average moisture content. 

The monitoring procedure is started using samples pulled from the 
corn group of approximately 15 percent moisture content. After each 
ten readings output is printed showing what the average moisture content 
of the remaining grain should be to obtain the desired final average 
moisture content. Samples from the 15 percent moisture content group 
are used until this output states that the remainder of the grain should 
have an average moisture content of approximately 16 percent. After 
seventy readings have been taken, the output states that the remainder 
of the grain should have an average moisture content of 16.1 percent. 

So the system is put into the wait mode which simulates the actual wait- 
ing at a grain terminal to switch to pulling grain from a different bin. 
Then the system is put into the run mode and samples pulled from the 
16 percent moisture content group are used. This continues until 
all 120 readings have been taken and a message is printed stating the 
predicted number of readings have been taken. Several more readings 

are taken to show that the system stops calculating and outputting 
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information concerning the average moisture content of remaining grain. 
This completed the test procedure and the moisture content monitoring 
system was then stopped. 

During this test procedure the system performed well with all out- 
puts and calculations being correct. The second' reading after the wait 
mode is lower than what it should be. When the solenoid opened the 
trap door at the top of the test cell to load the previous sample the 
spring on the trap door didn't pull the trap door completely closed. 


So on the next sample^part of sample escaped into the test cell too 
early and when the remainder 'Of the sample was loaded, an erroneous 
reading was obtained. This was the only time during both test procedures 
that this situation occurred. If this became a problem a slightly strong- 
er spring could be installed on the trap door to prevent this situation 
from occurring. All other parts of the system functioned correctly dur- 
ing this test. 

In summarizing the results of the test the moisture content moni- 
toring system worked well throughout both tests. All calculations 'and 
rounding .of values were done correctly. All of^the checks worked and 
output information was printed at the appropriate time. These tests 
show that the system will perform the tasks for which it was designed. 


APPENDIX A 


WIRING SCHEMATICS FOR ALL 
CARDS USED AND BACKPLANE 
WIRING FOR ALL INTERFACE 
CONNECTIONS 

This appendix contains the "wiring schematics for all of the cards 
used in the system, both those that were bought and the one that was 
wirewrapped within the department.- Also, contained are the backplane 
wiring list for the USART and timer card, calculator card, triac card, 
and the moisture meter printer port. 
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MPS CARD COMPONENTS 
8811 A PROCESSOR CARD 
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881 1 A PROCESSOR CARD 


The 8811 A is a printed circuit card which implements the 6 bit 808CA Microprocessor as a fully TTL 
buffered microprocessor with clock, reset and 3-state data and address busses. The card also includes IK 
bytes of RAM external memory control and I/O control. 
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Crystal clock ' << 

Power-on and external reset 
1024 bytes of 6 bit RAM 
1 u sec time state 
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FEATURES 


• 6080A Processor 

• Separate 8 bit data bus in and out 

• 16 address lines (65K bytes of memory address! 

• 3-state data, address and memory control for DMA 
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8811 A PROCESSOR CARD 


SPECIFICATIONS 
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CARD DIMENSIONS 

• 4.50 in. (11 43 cm) high by 6.50 in. (16 51 cm) long 

• 0 48 in. (1 .22 cm) maximum profile thickness 

• 0.062 in. (0.16 cm) printed circuit board thickness 


CARD INCLUDES 

• Card elector 

• One 8080A Processor 

• IK 8 bit bytes of 2102 RAM 

• Crystal clock circuit 

• Power-on and external reset 


INSTRUCTION EXECUTION CAPABILITY 

• Executes all of the 8080A Processor instructions 

• 1 .00 microseconds time state cycle ± 0 005% 

• Instructions require from 4 to 18 time states 


MEMORY 


• Maximum access time: 1.00 microseconds 

• PROM memory: 1702A or equivalent 

• RAM memory. 2102-4 or equivalent 


INPUTS (Active low logic, loading 1 TTL load, 
except where noted) 

• 8 Data lines 

• 1 Memory ready control, active high 

• 1 Interrupt request 

• 1 Reset control 

• 1 Hold control 

OUTPUTS (Active low logic, drive capability 10 TTL loads 
The designated output lines go to the 3-state condition in 

• 8 Data lines, 8 TTL loads. 3-state 

• 16 Address lines. 20 TTL loads active high, 3-state 

• 1 Memory Write Clock, 3-state with pull-up 

] • 1 Memory Head, 3-state 

• 1 I/O Ouput Clock, 3-state with pull-up 

• 1 I/O Input. 3-state 

• 1 Interrupt Response. 3-state 

• 1 Wait Control, 3-state 

• 1 Stop Control 

• 1 Reset Control 

• 1 Sync Pulse Line 

• 1 Clock Pulse Line, 8 TTL loads 

• 1 SPARE Write Out (WO), Oscillator (OSC). Memory Cycle 1 (Ml), STACK or Interrupt Enable (INTE) 

are jumper selectable on Printed Circuit Board 
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response to the HOLD input. 


POWER REQUIREMENTS 


+ VDD 
+ VCC 
GND 
-VBB 


•f 12 volts t 5% at 80 mA maximum 

5 volts £ 5% at 1 .7 A maximum, fully loaded (50 mA per RAM) 
0 volts 

-5 volts ±5% at 7 mA maximum 


OPERATING TEMPERATURE RANGE: 0-55*C 

CONNECTOR REQUIREMENTS: 56 pin, 28 position dual-readout on 0 125 in (0.318 cm) centers 
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Wiring schematic for 8811 A processor card 
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MPS SYSTEM COMPONENTS 
8116 ROM CARD 
2K BYTES BY 8-BITS 


A printed circuit card which implements the 1302. 1602, or 1702 ROMs as read only memory for the MPS series 
of 6-bit microprocessors. The 6116 is organized as 2046 bytes of b-bits. 

FEATURES 

• 2048 bytes of ROM memory capacity 

• Card address allows sytem expansion to 16 K bytes 

• Switches powei for power-save on ROMs 

• Sockets accept masked (1302) or programmable (1702) ROMs 
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card Dimensions 


Kit 


1001 CONNICTO* PIN USt 


• 4 50 in. (1 V43 cm) high by 6 50 in (16 51 cm) long 

• 0 48 in (1 22 cm) maximum profile thickness 

• 0 062 in. (0.16 cm) printed circuit board thickness 

CARD INCLUDES 

• Card ejector 

• 8 ROM sockets ' 

• Chip select circuits 

• Card select option 

• Power-save circuit 

MAXIMUM CARD CAPABILITIES 

• Eight 1302. 1602 or 1702 ROMs (2048 bytes of Read 
Only Memory) 

INTERFACE 

Inputs (Active low logic, loading 1 TTL load, except 
where noted) 

• 8 word address lines, 8 MOS loads each, active high 

• 3 chip address lines, active high 

• 1 chip address enable. 2 TTL loads 

• 3 card address, active high 

• 1 card address enable 

• 1 memory read control 

• 1 power-save control, active high 

Active Low loeoi Logic 

Outputs (Active low logic, drive capability 10 TTL 
loads) 

• 8 data lines, 3-state 

• 8 card select lines 

POWER REQUIREMENTS 

♦VCC = *5 volts ♦ @ 300 mA maximum fully loaded (35 mA per ROM) 

GND = 0 volts 

-VDD = -10 volts * @ 300 mA maximum fully loaded (35 mA per ROM) 

OPERATING TEMPERATURE RANGE: 0-55°C 

CONNECTOR REQUIREMENTS: 56 pm, 28 position, dual-readout on 0 125 centers 

APPLICATION NOTES 

If only one memory card is used in the total system tie the Chip Enable input to ground If more than one 
memory card is used in the system, at least one Card Select circuit must be used and the Chip Enable lines 
individually wired tc the Card Select line for the desired card address. 
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MPS SYSTEM COMPONENTS 

8117 RAM 
4K BYTES BY 8 BITS 












8117 RAM 


SPECIFICATIONS 


CARD DIMENSIONS 

• 4.50 in. (11 43 cm) high by 6 50 in ( 1 6.51 cm) long 

• 0 48 in (1.22 cm) maximum profile thickness 

• 0.062 in. (0 16 cm) printed circuit board thickness 
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CARD INCLUDES 

• Card ejector 

• 32 sockets 

• Eight 2102-4 static RAM devices. 1024 bytes 

• Chip select circuit 

• Socket tor card select option 

INTERFACE 
Inputs 

(Active low logic, loading 1 TTL load, except where noted) 

• 8 Data lines 

• 10 Word Address, Active high, 32 MOS loads 

• 3 Chip Address, Active high 

• 1 Chip Enable, 2 TTL loads 

• 3 Card Address, Active high 

• 1 Card Enable 

• 1 Memory Read 

• 1 Memory Write, 32 MOS loads 

Outputs (Active low, drive capability 10 TTL loads) 

• 8 Data lines, 3-state 

• 8 Card Select lines 

POWER REQUIREMENTS 

♦VCC = •*•5 volts ♦5°/o @ 1.6 Amps maximum (50 mA per RAM) 

GND = 0 volts 

OPERATING TEMPERATURE RANGE: 0-55°C 

CONNECTOR REQUIREMENTS: 56 pm. 28 position dual-readout on 0.125 in. (0.318 cm) centers 

APPLICATION NOTES 

If only one memory card is used in the total system, tie the Chip Enable input to ground If more than one 
memory card is used in the system, at least one Card Select circuit must be used and the Chip Enable lines 
individually wired to the Card Select line for the desired card address. 
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MPS SYSTEM COMPONENTS 
8116 ROM CARD 
2K BYTES BY 8-BITS 



printed circuit card which implements the 1302. 1602. or 1 702 ROMs as read only memory for the MPS series 
I 6-bit microprocessors. The 6116 is organized as 2048 bytes of 8-bits 

FEATURES 

• 2048 bytes of ROM memory capacity 

• Card address allows sytem expansion to 16 K bytes 

• Switches power for power-save on ROMs 

• Sockets accept masked (1302) or programmable (1702) ROMs 
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8116 ROM 


SPECIFICATIONS 


CARO DIMENSIONS 

• 4 50 in. (1 1 43 cm) high by 6 50 in (16 51 cm) long 

• 0 48 m. (1 22 cm) maximum profile thickness 

• 0 062 in. (0.16 cm) printed circuit board thickness 

CARO INCLUDES 

• Card ejector 

• 8 ROM sockets 

• Chip select circuits 

• Card select option 

• Power-save circuit 

MAXIMUM CARD CAPABILITIES 

• Eight 1302. 1602 or 1702 ROMs (2048 bytes of Read 
Only Memory) 

INTERFACE 

Inputs (Active low logic, loading 1 TTL load, except 
where noted) 

• 8 word address lines, 8 MOS loads each, active high 

• 3 chip address lines active high 

• 1 chip address enable, 2 TTL loads 

• 3 card address, active high 

• 1 card address enable 

• 1 memory read control 

• 1 power-save control, active high 

Outputs (Active low logic, drive capability 10 TTL 
loads) 

• 8 data Imus. 3-state 

• 8 card select lines 
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‘Designates Act.»« Lot* Lose' logic 


POWER REQUIREMENTS 

+VCC = *5 volts ♦ @ 300 mA maximum fully loaded (35 mA per ROM) 
GND s 0 volts 

-VDD * -10 volts ♦ @ 300 mA maximut. ally loaded (35 mA per ROM) 

OPERATING TEMPERATURE RANGt. f *°C 


CONNECTOR REQUIREMENTS’ " "9 position, dual-readout on 0.125 centers 

APPLICATION NOTES 

If only one memory card is use'' ,. the total system tie the Chip Enable input to ground. If more than one 
memory card is used in the sysiem, at least one Card Select circuit must be used and the Chip Enable lines 
individually wired to the Card Select line lor the desired card address. 
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Wiring schematic for 8116 ROM card 
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MPS SYSTEM COMPONENTS 

8117 RAM 
4K BYTES BY 8 BITS 


FEATUI 

• 4096 

• Use a 

• Sialic 

• Card 

• 3-Sla 









CARO DIMENSIONS 


(001 C0*»MC’0« i'»* 


• * 50 in (1 1 43 cm) high by 6 50 in (16 51 cm) long 

• 0 48 in (1.22 cm) maximum profile thickness 

• 0.062 m. (0.16 cm) printed circuit board thickness 

CARO INCLUDES 

• Card ejector 

• 32 sockets 

• Eight 2102-4 static RAM devices. 1024 bytes 

• Chip select circuit 

• Socket for card select option 

INTERFACE 

Inputs 

(Active low logic, loading 1 TTL load, except where noted) 

• 8 Data lines 

• 10 Word Address. Active high. 32 MOS loads 

• 3 Chip Address. Active high 

• 1 Chip Enable, 2 TTL loads 

• 3 Card Address. Active high 

• 1 Card Enable 

• 1 Memory Read 

• 1 Memory Write. 32 MOS loads 

Outputs (Active low. drive capability 10 TTL loads) 

• 8 Data Imes, 3-state 

• 8 Card Select lines 
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POWER REQUIREMENTS 

♦VCC * *5 volts l5% @ 1.6 Amps maximum (50 mA per RAM) 
GND = 0 volts 


OPERATING TEMPERATURE RANGE: 0-55 e C 

CONNECTOR REQUIREMENTS: 56 pm, 28 position dual-readout on 0 125 in (0.318 cm) centers 

APPLICATION NOTES 

If only one memory card is used in the total system, tie the Chip Enable input to ground. If more than one 
memory card used in the system, at least one Card Select circuit must be used and the Chip Enable lines 
individually w..ed to the Card Select line for the desired card address. 








MPS SYSTEM COMPONENTS 
8114 INPUT SELECTOR 
8-BIT PORT 


The 8114 provide* four 8-bil selector gates as input ports for PRO-LOG s 8-bit microprocessor* The card 
includes addressing and gate control for transferring 8-bits of data from addressed gates to a data bus. 


• Four 8-bit Input selectors (32 lines) 

• Port address decoding 

• All integrated circuits socketed 


• Card address decoding 

• 3-state data m bus 

• Input strobe 
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8114 INPUT SELECTOR CARD 


SPECIFICATIONS 


CARD DIMENSIONS 


• 4 50 in. (11 43 cm) high by 6 50 in (16 51 cm) long 

• 0 46 m (1 22 cm) maximum profile thickness 

0 062 in. (0 16 cm) printed circuit board thickness 


CARD INCLUDES 

• Card Ejector 

• (cur dual 4-bit selector gates in sockets 

• Pori address logic 

• Card select address decoder 


INPUTS (Active low logic, 

loading 1 TTL load, except where noted) 


• 32 Inputs. 4 groups of 8. Active high 

• 2 Port address lines, Active high 

• In strobe* (IN*) 

• 3 Card address lines. Active high 

• 1 Enable* 

• 1 Card select (CS*) 


OUTPUTS (Active low logic, 

drive capability 10 TTL loads) 

• 8 Data lines. Open collector 

• 1 Card Select* 
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* Designates active low logic 


CONNECTOR REQUIREMENTS: 56 pm, 28 position dual-readout on 0 125 In. (0 328 cm) centers 


POWER REQUIREMENTS 

♦VC C * *5 volts * 5 % @ 200 mA maximum 
GND ■ 0 volts 

OPERATING TEMPERATURE RANGE: 0-55°C 


APPLICATION NOTE 

If only one input card is used in the total system, tie the IN STROBE* (IN*) Pm 38 to the processor input strobe 
signal (IN’) and ground CS* Pm 36 If more than one input card is used in the system, connect the card select* 
line Pin 40to CS’ Pin 36 and the enable* linetoground The card select circuit must behard wirejumperedon 
the card for the correct card address See Application Note 109 tor further information 
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Wiring schematic for 811 4 input card 










MPS SYSTEM COMPONENTS 
8115-1 OUTPUT LATCH 
8 BIT PORT 


The 81 15-1 card provides four 8-bit TTl latches as output ports for use w.th PRO-LOG s 8- bit microprocessor 
systems The card includes address decode ano -‘.robe control for transferring 8-bits of data from a data bus 
to one of four addressed output latches 

FEATURES 


• Four 8-bi* latches (32 lines) 

• Card address decoding 

• All integrated circuits socketed 


• Pori address decoding 

• Reset input 

• Data bus buffered 
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8115-1 OUTPUT LATCH CARD 


SPECIFICATIONS 


CARO DIMENSIONS 

• 4 50 In. (11 43 cm) high by 6 50 in (16 51 cm) long 

• 0 48 in (1.22 cm) maximum profile thickness 

• 0.062 in. (0.16 cm) printed circuit board thickness 


CARO INCLUDES 

• Card ejector 

• Eight 4-b f latchts in sockets (8-bit ports) 

• Port select logic 

• Card select address decoder 


INPUTS (Active low logic, 

loading 1 TTL load, except where noted) 

• Enable* 

• 2 Port address lines, Active high 

• 1 Card select (CS*) 

• 3 Card address lines, Active high 

• 1 Reset 

• 1 Out strobe* (OUT*) 

OUTPUTS (Active low logic Drive capability 10 TTL loads, 
except where noted) 

• 32 Outputs. 4 groups of 8, Selectable, active low or high 

• 1 Card select* 
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PIN NUMBCP I PIN NUMBfP 


SIGNAL riow I SIGNAL how 


signal I Signal 


'•volt* III, 21 Him ivoi»* 


GROUND 



* Designates active low logic. 


POWER REQUIREMENTS 

• 4 VCC = *5 volts l5% at 500 mA maximum 

• GND s 0 volts 


OPERATING TEMPERATURE RANGE: 0-55°C 

CONNECTOR REQUIREMENTS: 56 pin, 28 position dual-readout on 0.125 in. (0.318 cm) centers 


APPLICATION NOTE 






If only one card is used ground CS* Pin 36 and wire the out* enable to the output strobe Pm 38 If more than 
one output card is used in the system, connect the card select* line Pm 40 to CS’ Pin 36 and the enable* line 
Pin 24 to GND The card select decoder must be hard wire jumpered on the card for the correct card address. 
See Application Note 109 for further information. 

Individual output lines are connected for active high logic. The output lines can optionally be connected for 
active low logic by jumpers on the card. 
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8407 SERIAL INTERFACE 
FOR TTY AND RS232-C 
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A printed circuit card which provides the electrical interface between a microprocessor and both RS-232 and 
TTY serial data communications lines 

The RS-232 portion implements El A Standard RS-232-C drivers, receivers, and D-type connector configured 
to place the 8407 in the Data Terminal position. 

The TTY portion consists of two 20 milliamp current loops for full duplex send and receive capability, with a 
relay driver lor remote control of ASR-33 console tape readers 

The 8407 has card-front interface cable connectors with a TTL interface to microprocessor I/O ports at the 
card edge connector. The microprocessor used in conjunction with the 8407 must proyide timing and senai- 
to-parallel conversion for both interface circuits. 


FEATURES 




Pluggable card-front D-type Interface connectors 
TTY full duplex 20 mA currer’ loc-p 
Remote TTY reader relay driver 

RS-232-C Interface meets EIA standard for data terminal 
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8407 SERIAL INTERFACE 


SPECIFICATIONS 


CARO DIMENSIONS 

• 1 1 43 cm (4 50 in) high by 16 51 cm (6 50 in) long 

• 1 27 cm (0 50 in) maximum profile thickness 

• 0.160 cm (0.062 in) PWB thickness 

CARD INCLUDES 

• Card elector 

• Sockets lor all ICs 

• Card Iron! interlace cable connectors 

RS-232 CIRCUIT INCLUDES 

• EIA Standard 25-pm D-type cable connector 

• Connector outputs 

Transmitted Data (circuit BA) 

Secondary Transmitted Data (circuit SBA) 

Request To Send (circuit CA) 

Data Terminal Ready (circuit CD) 

Signal Ground (circuit AB) 

• Connector inputs 

Receive Data (circuit BB) 

Carrier Detect (circuit CF) 

Ring Indicator (circuit CE) 

Data Set Ready (circuit CC) 

Clear To Send (circuit CB) 

TTY CIRCUIT INCLUDES 

• 9-pm D-type cable connector 

• Connector signals: 

20 mA Send to TTY 

20 mA Receive from TTY 

15V, 200 ohm source for tape reader control relay drive 

• Spare gating for TTY selection by Processor 

POWER REQUIREMENTS 

♦VCC * -*5V t 101o @ 140 mA 
GND * 0V 

-VDD * -9 to -12V @ 120 mA 

OPERATING TEMPERATURE RANGE: 0-55 B C 

CONNECTOR REQUIREMENTS 

• 56 pm. 28 position dual readout 

• 0.318 cm (0.125 in) centers 
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INN, MUIR I Pin N.'MRI •< 


Id* I ■ I MGNAl HIM 


LIUOULL 


OROUNO 


no mom 


PULL UP 


PC’ 


PC • 


PCX 


[NANO IN -A (SPARE) 
|nano IN H | M' AM I 




DUO 

naasa 

DOB 



* TO U VOLTS 


DO' 


DO.* 


dips 


oi 


Cl 

qdS 

QlflH 

mmwm 

□ FIR’D 

□an 
□oia 
EH IH EH 

ESEana 

EJLJ 
13 HM 

□ □ 

rani pm 

EJO 

m r-Tii 

□ DIES] 

□ ciRia 
E3Bl PTg 

□ □E2QI 

E3E3 



INVIRTEA'ISPARtl 


IMVflPTIP ISPAPII 


IMIT D*T*‘ 


PIO TO *tNO 


DATA Tl PM PDV 


*UP IMIT OATA 


INVIMTfP'ISPAPII 


INVIPTIPlSPAAII 


CAPPICP OITtCT 


DATA ACT PI AO* 


CHAP TO SIND 


PICtIVC OATA 


PtCfIVt OATA' 


9 PIN -O' CONNECTOR PIN LIST 


PIN number 
SIGNAL TlOvs 
S'O.NAL I 


pin number 

SIGNAL FIOIV 

I S'C.NAl 




« 

1 

OUT 

•RELAY ( VRI 

-OATA FROM TTT 

IN 

4 

3 



•IULAV fVft) 

OUT 

b 

S 

IN 

•INTERLOCK 

-OATA TO TTT 

OUT 

8 

T 

OUT 

•OATA TO ~TT 


9 

IN 

•OATA FROM TTT 


2S PIN "0" CONNECTOR PIN LIST 


Pin NUMBER 
signal tlw 

TRANSMIT DATA' 

RIO TO SENO 

OATA SIT WE APT IN 

CARRIER PIT IN 


PIN number 

signal how 

‘ ii.NAi 

IN RECEIVED DAT/T 
IN CLEAR TO SEND 
IN SIGNAL GND 


SUP IMIT OATA 


1 It 
OUT i« 1.1 



'P 17 


OATA TER 
RING IND 


ADV OUT 
IN 


'Dpiiond** Acli»» low Lml Logic 


PRO- LOG 

CORPORATION 2411 Garden Road Monterey, Calitornia 93940 Telephone (408) 372-4593 





































Wiring schematic for 8407 serial interface card 















MICROPROCECriCR 
INTERFACE CARDS 

8404 TRIAC -l* 


A prmtetforqjit card which implements up to tour solid state power relays (TRIACS) tor use with PtS-400or 
M PS* 800 microprocessor systems The 8404 providos buttered TTL control ot up to tour 240 VAC ? Amp 
isolated circuits 


FEATURES 

• Up to tour normally open 240 VAC Trlacs 

• Screwdriver lug cable attachment 



t*lVCMlD 

|M VAC 
2 AM* 

via tvCV 



8404 TRIAC 















r 


8404 TRIAC CARD 


CARO DIMENSIONS *•« c«*a »•«» »>ot« on oso tp*cngi 

• 4 50 In. (11 43 cm) high by 6 50 in (16 51 rm) long 

• 0 48 in (122 cm) m 'v mum profile th’Ckneas 

• a 062 in. (0 16 cm) ..Mod circuit board thicxness 

CARD INCLUDES 

• Two 240 VAC 10 Amp triacs 8404-2 

• Four 240 VAC 10 Amp tnact 8404-4 

AC OUTPUT INTERFACE 

• Screwdriver lug cable attachment 

• Lug requirement *8 minimum or bare wire 

• 240 VAC. 2 Amp max (Free air mounting, TA ■ 85* C) 

PC EDGE CONNECTOR INTERFACE 

• 56 pm, 26 position, dual-readout on 0 125 centers 

• 4 Control Inputs, active low logic, 5 TTL loads 

POWER REQUIREMENTS 

♦VCC • *5 volts s5^» @ 30 milliamp maximum 
GND ■ 0 volts 

OPERATING TEMPERATURE RANGE: 0-55°C 


APPLICATION NOTES 

Although the TR'ACS on the 8404 card are rated at 240 VAC and 10 Amps, the power at full rating cannot be 
dissipated on the printed circuit card It is recommended where full rated operation is desired that the triacs ue 
mounted on a heat sink and interfaced using the 6401 or 8405 interface cards 

When high voltage and high currents are being switched, noise transients can be generated which are 
disruptive to logic systems It is recommended that when triacs must switch high voltage or currents that they 
be mounted remote from the logic system and as close as possible to the equipment being switched. 


SPECIFICATIONS 






f 



PRO-LOG 

COHP ORATION 


2411 Garden Road 


100455 11,76 

TWX 910-360-7082 
Monterey. California 93940 Telephone (408) 372-4593 





-loc cdSrommoS 
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BACKPLANE WIRING FOR 8404 TRIAC CARD 


) 



S i yna 1 Name 


Wi rewrap Pins 


From 

To 


F rom 

To 

+5V 

♦ 5V 


J10-1 

J17-1 

• . 

+5V 


J10-2 

J17-2 

Ground 

Ground 


*110-3 

J1 7-3 

Ground 

Ground 


*J1 0-4 

J1 7-4 

OUT 1-1 

TTL INI* 


J10-55 

J1 7-25 

OUT 1-2 

TTL INC* 


^.1 1 0-53 

J 1 7 - 29 

OUT 1-3 

TTL 1N3* 


J10-51 

J17-31 

OUT 1-4 

TTL IN4* 


J10-49 

J17-35 


Wiring schematic for USART and prograniriable interval tinier card 


IOC* 










COW»D«ATlON 


ouAbUidiUl Ldi U 


90006 

no 


The Calculator Caid •$ a Micro Systems Component Card which provides number 
crunching abilities to microprocessor based systems without the need (or extensive 
software. 

FEATURES: 

• Parallel processmi: of up to b4 instructions. 

• Inputs buffered to 1 TTL load - 

• Output fan out of 10 TTL loads.' 

• Key luvel instruction languor' P N). 

• + , x. +. 1/x. vT? x*. 10 • e x . Inx. Y x . Trigonometric and Inverse 

Trigonometric Functions. TT . let s w Radians. 

• Four register stack and one tTn.iiory register. 

• Floating point or exponeniial notation. 


■n 



lodrudiooi 

Slrobein 


I 

Slrubr-out C>- 


* 4-^-t 

Oft 


[ — " 

Inpul 

L« 




Number ! 

Memory 



Crunching 




Unit 

Clock 









< Input Ready 

< Error 


Ua U 


Memory 

t ■ v Data Avadabla 


iii 


Rcirl C 1 - | Control Logit 


7^- 


90000 



Specifications 


CARL) DIMENSION'S 

• 4.5 in (11.43 cm) high by 6 5 in (16.51 cm) long 

• 0.5 in (1.28 om) maximum profile thickness 

• 0.062 in (0.16 cm) printod circuit board thickness 

CARD INCLUDES: 

• Card ejector 

• 64 byte input and output memory buffers 

• Instruction STROBE-IN and data STROBE-OUT lines 

• Calculation ERROR flag 

• Input memory READY flag 

• DATA AVAILABLE flag 

• Master RESET 

• Four DATA lines 

INPUTS: 

• 6 Instruction lines - Parallel in (active high) 

• Instruction STROBE-IN line (active high) 

• Data STROBE-OUT line (active high) 

• RESET (active low) 

OUTPUTS: 

• Input READY (active high) 

• DATA AVAILABLE (active high) 

• Calculation ERROR (active low) 

• BCD Data (active high) 

POWER REQUIREMENTS: 

• VCC = + 5 volts. ± 5% 0.20 amps at 25°C 

• VDD = -10 volts. ±b % 0.18 amps at 25°C 

• GND = 0.0 volts 

CONNECTOR REQUIREMENTS: 

• 56 pin. 28 position dual-readout on 0.125 in (0.318 
cm) centers 


CALCULATOR CARD 90006 


pin rnwn 



riNjfVMt! 

. Slow*. tUM 

l 





♦X VOLTS 

IN 

3 

1 

n 

♦S VOLTS 

CF'.fND 

m 1 

4 

) 

m 

CKO VHP 

-If VOLTS 

IN 

4> 

4 

m 

Tit VOLTS 



s 

1 





io 

* 



STKOBE-IN 

nt 

1; 

11 



. rcT. o 

IN 

1 4 

rr 



n«»- i 

n* 

It 

LS_ 



nr.* 2 

m 

It 




_nrr. ) 

?N 

it 

19 



net, i 

IN 

22 

21 



urn, * 

I» 

24 

2) 



usrr • 

ni 

?f 






J* 

P 





10 

20 





12 

11_ 





J4 

Jl_ 





Lit. 

)S_ 






V 





4? 

It 



PVRftR • 

ntr? 

J2_ 

<J I 



LATA 3 

OUT _ 

4J 

4J_ 



r.\TA 4 

[OUT 

46_ 

4i_ 



LATA 9 

CUT 

£<; 

17 



DATA 1 

tvr 

JL2_ 

4 ? 



STROBE-OUT 

n 

*i2 

( J 






SI 

PUT 

wan 

1 i 


c r 




• DEIGNATCS ACTIVE LOW LEVEL LOGIC 





REPRESENTED BY: 
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BACKPLANE WIRING FOR CALCULATOR £ARD 



Signal Name 

Wirewrap Pins 

F rom I o 

1 ran i o 


IN 3-8 

READY 

J8-7 

J12-53 

IN 3-7 

DATA AVAILABLE* 

J8-9 

J12-40 

IN 3-6 

ERROR* 

J8-11 

J12-42 

IN 3-4 

DATA 8 

J8-15 

J12-48 

IN 3-3 

DATA 4 

. J8-17 

J12-46 

IN 3-2 

DATA 2 

J8-19 

J12-44 

IN 3-1 

DATA 1 

J8-21 

J12-50 

OUT 3-8 

STROBE-OUT 

J10-7 

J12-52 

OUT 3-7 

STROBE-IN 

J10-9 

J12-12 

OUT 3-6 

INSTR-5 

JlO-11 

J12-22 

OUT 3-5 

INSTR-4 

JlO-13 

J12-24 

OUT 3-4 

INSTR-3 

JIO-15 

J12-20 

OUT 3-3 

INSTR-2 

J10-17 

J12-18 

OUT 3-2 

INSTR-1 

J10-19 

J12-16 

OUT 3-1 

INSTR-0 

JlO-21 

J12-14 

OUT 2-8 

RESET * 

J 1 0-8 

J12-26 


% 
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BACKPLANE WIRING TO MOISTURE METER 

) 



Signal Name 



Wirewrap Pins 

From 

“To"" 

From 

To 


Ground 

Ground 

J8-3 

Ground 

Ground 

Ground 

J8-4 

Ground 

I NO- 1 

.1 

jfe-55 

1 

I NO-2 

.2 

J8-53 

2 

I NO- 3 

.4 

Jfl-51 

3 

INO-4 

.8 

J8-49 

4 

I NO- 5 

1 

J8-47 

5 

I NO-6 

2 

J8-45 

6 

I NO- 7 

4 

J8-43 

7 

I NO-8 

8 

J8-41 

8 

INI-1 

10 

J8-56 

9 

INI-2 

20 

J8-54 

10 

INI-3 

40 

J8-52 

11 

INI-4 

80 

J8-50 

12 
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APPENDIX B 

MAIN PROGRAM AND 
SUBROUTINE SOFTWARE 


Appendix B contains the main program and subroutine software developed 
for the operation of the automated moisture monitoring system. 
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appendix c 


INSTRUCTION SET FOR THE 
90006 CALCULATOR CARD 


This appendix shows the instruction set for the Micro-Link 90006 
calculator card which was used to perfom, calculations required br the 
automated moisture monitoring system. 


Application Note 15 
Calculator 90000 



INTRODUCTION: 


In many microprocessor based systems, the need to 
evaluate elaborate mathmotical equations often a- 
rises. Solution of thuse equatnm r . in software is diffi- 
cult and time consuming! In order to relieve these dif- 
ficulties. the calculator card (90006) was developed. 
With this card, complicated scientific equations can be 
solved with key level software similar to that used for a 
bond held RPN calculator. The t-'KX)6 Calculator Card 
is used as a peripheral to the central processor with 
Hand Shaking available to speed and simplify its use. 

Because of the inherently slow nature of Number 
Crunching devices, parallel processing has been incor- 
porated into the calculator card Up to 64 instructions 
can be loaded into the calculator at speeds as great as 
one instruction per 400 nano-seconds. 

POWER REQUIREMENTS: 

The 90006 Calculator is intended for use with a split 
supply of + 5 volts and —10 volts nt 200 ma and 180 ma 
respectively. 


DATA AVAILABLE: 

The DATA AVAILABLE flog is an active low (0 volts) 
signal which indicates if the data on the data output 
lines is volid. This line will go high (+ 5 volts) when the 
STHOBE-OIJT line is sent high and low again after 
STROBE-OUT is sent low and when another word is 
present in the output memory buffer. 

ERROR: 

The ERROR flag is an active low (0 volts) line used to 
indicate that an invalid instruction sequence such as 
In (-2) or output instruction was processed, see Figure 
# 1 . 

Figure *1 

ERROR CONDITIONS 


1. 

• \ . » » 


I. 

l«N * / 


1. 

larwu * 10 ** v 


4. 

iKf Mivlt » 10*®° 


s. 

l»n |»o», 4*0*. id. 


4. 

t |m 1, (Tft i, tail a. •** •- 

IM ! *»«• 


• !«•* ». coo " * » ***' | • | 

> 1 #r |«| i 40-*° 

4. 

t < P 



/, Hu//, 1/* a • 9 


10. 

Is rf't ir4i ran 

laiirvrtlon If nvrt«r at m rtilM liflU 


la l»(t •( 4a:inat jrlal ta 

> Mntllll Dlflt (MM, 


RESET: 


The RESET input is an active low (0 volts) input which 
j clears all memory buffers and registers on the 
calculator card. For proper operation, this line must 
be held low for at least 25 us. 

After a RESET, the first two (2) instructions are not 
used, but must be present to initialize the calculator. 
Since these two instructions are not used, there value 
may be any possible combination of the six bit instruc- 
tion word. NOP of 0F (HEXADECIMAL) is suggested 
however. 

READY: 

The READY flag is an active high (+ 5 volts) signal 
which indicates when the input memory buffer has at 
least 1 of its cells empty and is therefore ready to re- 
ceive the next instruction word. This line will most 
readily be used when a sequence of more than 64 in- 
structions are needed. It must be monitored after the 
input buffer is filled sincp instructions cannoi be en- 
tered faster than the number crunching unit can 
process them after this point Whenever the STROBE- 
IN input is high, the READY output will go low and re- 
main low' until the STROBF.-1N line is taken low again. 
If a memory cell is empty and ready to receive an 
instruction, the READY flag line will return to the high 
1+ 5 volts) state. 


DATA: 

These are the 4 lines, positive logic (active + 5 volts), 
which provide the result of an instruction sequence. 
The sequence of this data for both floating point and 
exponential notation is shown below: 


Figure M2 - OUTPUT-FLOATLNG POINT 


*T* »J0| 


rr-4 in ir) t* 1 

1 

— 

'•a 9 9 9 

J 


pp nr. 

1 

■i 


4 

•• 


•vr • 7 


taut tioMftroM Mflt • v*» 


OUTPUT-EXPONENTIAL NOTATION 


CUT* aanap 

DO) DO? DC1 

• 

••’ft ll«n|fic«at • **■•**•«» oiflt 

» 

IMII IlflKtCaM • rpr> <1 • n l 4l«lt 

i 

%• 9 t M 

• 

Npt waac 

\ 

•aiat Il«nl(|eant aanllaai llflt Uackaal pnint falliwa CM a tflflt 


-•■I 1 1 ■ 1 • 


MDC 

Sm 

Se 

DP PUS 


Mantissa digit count, set by SMDC in- 
struction initially = 8 
Sign of mantissa. 0 = positive. 1 = neg. 
Sign if exponent <Se = 0 in floating point 

mode; 

Decimal point position indicator is a value 
in the range from 11 down to 12-MDC. 
which indicates a digit, as given by the DP 
I’OS column in the table The decimal 
point is located to the right of this digit. 




j * ftUUk. 


The STROBI -IN is an .irlivy Inch 1+ f» volts) input used 
to write instruc tions into llir input memory bufl ' An 
onboard delay of STKOU'ilN |25 its) will alloc* the 
writing of botli instruction and STHUUE-IN to tin? <amo 
latched port at the same lime for many ports such as 
the 74175 latch Sec the s ample program for methods 
of writing to the 90006 from a 4-bit microprocessor. 


1*>2 

The SIHOIIMMJT is an active high (+ 5 volts) inpv 
tiMtil io i lu.ir the data lilies When STROBE-OUT i 
soul Inch. DA I A AVAILABLE will go inactive (high) 
When S‘l H(JII|>OUT is returned low. DAT/ 
AVAILABLE will return active if another word is 
present in the output memory buffer Data transfer 
on urs on the negative edge of STROBE-OUT. 


INSTRUCTION SET 



-• 

HEXADECIMAL 



CLASS 

MNEMONIC* 

OP CODE 

FVLL NAME 

DESCRIPTION 

Digit 

0 

99 

0"“ 

Mantles, or exponent digits. On first digit 

Ditry 

1 

9\ 

1 

(d) the fol lotting occurs i 

3 

91 

3 

Z — » T 


) 

91 

3 

Y — » l 


4 

9* 

4 

X — * Y 


5 

« 

S 

d — * X 


6 

9b 

6 



7 

n 

7 



8 

9 8 

6 



9 

90 

9 



DP 

n 

Decimal Point 

Digits that follow will be mantissa fraction 


EC 

9i 

Enter Lxponant 

Digits that follow will be exponent 


CS 

9C 

Change Sign 

Change sign of exponent or eantiiaa 
Xm • X mantissa 





Xe ■ X exponent 

CS causes - xm -» Xm or * Xe -* Xe depending 

* 




on whether or not an EE instruction was 
executed after last nuriar entry initiation 


PX 

9 o 

Constant 

3,1415937 -* x. stack not pushed. 


EN 

31 

Enter 

Terminates digit entry and pushes the stack 
The argument entered will be in X and Y 





Z — » T 
Y — 7 Z 
X -» Y 


NOP 

rr 

No operation 

Do Nothing Instruction , 

Move 

POLL 

31 

toll 

Roll Stack 




r\ 





w 


POP 

2E 

Pop 

Pop Stack 





Y X 

Z Y 

T — 9 Z . 
O —7 T 


XEY 

30 

X exchange Y 

Exchange X end Y 




X Y 


SEM 

IB 

X exchange M 

Exchange X with Memory 




X M 


KS 

1C 

Memory Store 

Store X in Menwry 




XrtM 


KK 

ID 

Memory Recall 

Recall Memory into X 




M 4-7 X 


LSH 

1C 

Left Shift Xin 

X mantissa is left shifted while leaving 
decimal point in sane position. Former most 
significant digit is saved in link digit, 
least significant digit is zero. 


RSH 

ir 

Right Shift Xm 

X mantissa is right shifted while leaving 
decimal point is sane position. Link digit, 
which is normally zero except after a left 





shift, is shifted into the nost significant 
digit. Least significant digit is lost. 


i 



OKIOfNAL PAGE IS 


p»»or QL’Ai.rn’ 








Aovr „ 

7 

d *7vi 
»ord 


is 


Jenifer 


Math 


j* 


♦ 

| plus 



JA 

Minus 


s 

IB 

Times 


/ 

JC 

Divide 


YX 

18 

Y to X 


IWV 

20, 39 

Memory Plus 


INV-* 

JO. JA 

Memory Minus 


I MV x* 

JO. ]p 

Mcnairy Times 


UtJ /• 

JO. JO 

Memory Divide 


1A 

37 

One Divided by x 

• 

S?AT 

34 

Square hoot 


»3 

J) 

Square 


10X 

JJ 

Ter. to x 


EX 

31 

E to X 


LN 

15 

Nature l log of x 


LOG 

3b 

base 10 log of X 


SIN 

J4 

Sine X 


COS 

25 

Cosine X 


TAN 

2f 

Tangent X 


IMV SIN* 

20, 74 

Inverse sine x 


IW COS* 

20, 75 

Inverse cosine X 


IMV TAN’ 

20. 3( 

Inverse tan X 


CTR 

2D 

Degrees to 
radians 

Clear 

RTD 

2C 

Kadians to 
decrees 

MCLR 

Jr 

Matter Clear 

Memory 

EOJ» 

30 .. 

Error Flag Clear 

IBN2 

19, xx . t 

Increment memory 

Output 

DBNS 

U - **.. 

Decrement memory 

OUT* 

16 , xx 

Multidigit out- 
put from x 

Hide 

tocm 

22 

Toggle Mode 

Control 




A KDC* 

le 

Set Ma ntissa 
Digit Count 


INV 

10 

Inverse Mode 

1 1 
DTES: The two most 9 ) 

gnificent 

bits of the instruct 

diagram on the 

front of the data sheet. 

• 

2 - Word Instruction 


• • 

X - ton*t Care 



v. *. 


x 

• X 

X. 

• nd M 


On *11 r (X) tri? functions 
•re unchanged and the previous 


Add X to Y. H t *4 I, On x, / and 

YX instructions, stack is popped as follows 
2 Y 
T — » Z 
0 -» T 

Former X, Y are lost 
Sui> tract x true y, Y • X x — * x 
Multiply x tines Y. Y s X —4 X 
Divide X into Y. Y / X -> x 
kalse Y to x power. V* -k x 
Add X to memory, h « x — 1 m 
O n IW ♦, ». m and / instructions, X, 
and T are unchanged. 

Subtract X from memory, m - x — A h 
Multiply X times memory. M s x — k M 
Divide X into memory. H / x M 
* / * —♦ k. On ill r |x' math instructions 
V, 2, T and H are unchanged and previous 
X is lost. 

Vx -» x 
X 2 — * x 
10*—* X 
e* — * X 
In x — * 
log X — 

SIN (X) 

X. 2, T 
x is lost. 

COS (X) — » X 
TAN (X) -♦ X 
SIN' 1 (X) — * X 
COS" 1 (X) — * X 
TAN' 1 (X) — * X 

Convert X from degress to radians. 

Convert X from radians to degrees. 

Clear all internal registers snd memory; 
initialize oat control signals, KDC • 8, 

MODE * floating pcint. 

1 Error flag 
M ♦ 1 — * M 
M - 1 — • M 

Writes the contents of the x register to the 
output memory buffer. After an "out* data 
available sail become active. 

Change mode from floating point to scien- 
tific notation or vice-versa, depending on 
present rv>de. The mode affects only the TN 
and OUT inst ruct ions . Internal calculation* 
are always in 8-digit scientific notation. 
Mantissa digit count is set to the contents 
of the second instruction word (■! to 8). 

Set inverse mode for trig or menory function 
instruction that will isiaediately follow. 
Inverse mode is for next instruction only, 
ion words are never ueed. See the block 



APPENDIX D 


PRINTOUTS FROM THE 
PERFORMANCE TEST 


Appendix D contains the printouts from the performance test. This 
includes one printout from performance test for incoming grain which is 
being unloaded, and a printout from performance vest for outbound grain 
being loaded for shipment. 


Incoming grain performance test 


WHAT IS me HATE? 

09-19-80 

IJIIAI I I ME WILL THE READINGS BEGIN? 

0 5 J 10 PM 

UHAT IS THE UPPER LIMIT FOR AN INDIVIDUAL M JISTURE CONTENT READING 7 

WUAI IS Till LOWER LIMIT FOR AN INDIVIDUAL MOISTURE CONTENT READING? 

WIIAI IS THE UPPER LIMIT FOR AVERAGE MOISTURE CONTENT? 

lOl.l 

WIIAI IS THE LOWER LIMIT FOR AVERAGE MOISTURE CONTENT 7 

l.I* J 

IS GRAIN DEING UNI HADED 7 
Y 

WHAT DIN IS GRAIN GOING INTO 7 

1 55 


DATE 

09 -19- 80 
09- I 9 -HO 
09-19 00 


TIME 

03: 10 PM 
03 : 1 1 PM 
03: 12 PM 


INK IV MC(Zub) 
16.5 
16.2 
16.3 


AVG MC(Zwb) 
16.5 

16.il 

16.3 


EXCESSIVELY LOU READING* IGNORED 00.1 


GRAIN DESTINATION 

# 55 
I 55 

# 55 


EXCESS I VEI 

Y HIGH 

Rl All T NG f 

IGNORED 90. 

9 

09- 1? 00 

03: 15 

IM 

17.5 

16.6 

AVERAGE MOISTURE 

CONTENT 

IS TOO HIGH 


09-19-80 

03: 16 

FM 

15.3 

16.4 

09-19-80 

03: 17 

PM 

16.1 

16.3 

09-19-00 

03 : i o 

PM 

17.5 

16.5 

09 19-00 

03: 19 

PM 

17.2 

16.6 

AVI RAGE MOISTURE 

CONTENT 

IS TOO HIGH 


09 19-00 

03 : 20 

PM 

15.3 

16.4 

09-19-00 

03:21 

PM 

15.9 

16.4 

09-19-00 

03:22 

PM 

17.9 

16.5 

INDIVIDUAL 

MOISTURE CONTENT READING IS 

TOO till 

09 I? 80 

03 : 23 

I'M 

16.0 

16.5 

09 19 no 

03J 24 

PM 

16.3 

16.5 

0? 1 9 no 

03 : 25 

PM 

1 5 . ? 

16.4 


I 55 

# 55 
t 55 

# 55 

# 55 

I 55 

# 55 

# 55 

# 55 
t 55 
» 55 


* 


( 

individual 

IIOISIIIRL 

CUN1EN1 READING 

IS 

TOO LUU 


09-19-80 

03! 

27 

T h 

17.3 


16.2 


0^-17-00 

03 

20 

FM 

15.1 


16.1 

( 

09- 1 9 -00 

0.1 

29 

PM 

16.0 


16.1 


09-19-80 

0.1 

30 

FM 

15.2 


16.1 


09 19-80 

0.1 

.11 

FM 

16.2 


16.1 

( 

09-1? no 

03 

32 

r m 

15.0 


16.0 


09-17-00 

03 

33 

FM 

17.5 


16.1 


09-17-00 

03 

34 

r m 

15.9 


16.1 

( 

09-19-00 

03 

35 

PM 

17.4 


16.2 


09-19 -00 

0.1 

36 

LM 

15.3 


16.1 


09 19- 00 

03 

37 

FM 

14.9 


16. 1 

( 

09-19-00 

0.1 

30 

F M 

17.3 


16.1 


09-19-00 

0 1 

.19 

FM 

15.4 


16.1 


09 19 00 

0.1 

40 

FM 

16.2 


16.1 

(' 

09-19-80 

0.1 

41 

FM 

15.0 


16.1 


09-1900 

0.1 

42 

FM 

16.3 


16.1 


09-19-80 

03 

43 

FM 

15.0 


16.0 

( 

09-19-80 

0 1 

44 

T M 

17.2 


16. 1 


09-19-00 

0.1 

45 

FM 

15.2 


16.0 

r 

09-17-00 

0.1 

46 

r-M 

17.3 


16.1 

09-19-00 

03 

47 

FM 

17.4 


16.1 


09-19-80 

0.1! 

48 

FM 

16.4 


16. 1 


09-19-80 

0.1 

49 

LM 

15.2 


16.1 

( 

09-19-00 

03 

50 

F M 

16.3 


16. 1 


09-19-00 

03 

51 

F M 

15.1 


16.1 

r 

09-1? 00 

03' 

52 

FM 

15.0 


16.1 

09-1? 80 

03, 

53 

r M 

16.0 


16.1 


09-19-00 

03 

54 

FM 

15.0 


16.0 


09-17-00 

0.1 

55 

F M 

16.0 


16.0 

i 

09-19-00 

03 

56 

PM 

15.4 


16.0 


09-19-00 

0.1 

57 

LM 

17.4 


16.0 


09-19-00 

03 

58 

LM 

16.4 


16.1 

( ■; 

09-17-00 

03 

5? 

FM 

15.0 


16.0 


09-19 00 

04' 

00 

FM 

16.5 


16.0 


09-19-HO 

04! 

01 

FM 

15.9 


16.0 

( 

09-19-00 

04, 

02 

TM 

17.3 


16.1 


09-19-00 

04! 

01 

FM 

16.5 


16.1 


09-19-00 

04' 

04 

LM 

12.8 


16.0 

( 

INDIVIDUAL 

MOISTURE 

CONTENT READING 

IS 

TOO LOU 


09 19 80 

04 

05 

FM 

12.7 


15.9 


INDIVIDUAL 

MU IS TURF 

CONTENT READING 

IS 

TOO LOU 

( 

09-19-00 

04! 

06 

F M 

15.0 


15.9 


WATT MODE 

( R 


RUN MMDf . 


09- 19-00 


04:30 r n 


16.0 


15.9 



QCI 




< 

09-17-80 

0-1 : J2 

RM 

14.9 


15.9 

« 

55 



09-19-80 

04*33 

RM 

17.1 


16.0 

« 

55 



09- IV MO 

04 : 34 

FM 

17.0 


16.0 

t 

55 



09-17-80 

04! 35 

EM 

1 A . 2 


16.0 

t 

55 



0? 19 80 

04! 36 

FM 

17.0 


16.0 

• 

55 



09-19-00 

0-1:37 

EM 

14.0 


16.0 

t 

55 


1 

09-19-00 

o-i:.3n 

FM 

10.9 


16.0 

« 

55 



INDIVIDUAL 

MOISTURE 

CONTENT READING 

IS 

TOU HIGH 





09-19-00 

0-1 : 39 

EM 

15.0 


16.0 

* 

55 


< 

09-19-00 

04540 

EM 

15.0 


16.0 

* 

55 



09-19-00 

04 Ml 

EM 

12.7 


15.9 

« 

55 



INDIVIDUAL 

mo is Hint 

CONTENT READING 

IS 

TOO LOU 




c 

09-19-00 

04: 4? 

EM 

17.2 


16.0 

• 

55 



09-19 no 

04: 43 

EM 

17.2 


16.0 

» 

55 



09-19-00 

04: 44 

EM 

18.8 


16.0 

« 

55 


( 

INDIVIDUAL 

MOISTURE 

CONTENT READING 

IS 

TOO HIGH 





09-17-80 

04 : is 

EM 

15.0 


16.0 

t 

55 



09-19 no 

04: 47. 

EM 

16.1 


16.0 

« 

55 


( 

09-19-80 

04147 

EM 

17.1 


16.0 

t 

55 



09-19-00 

04 : 40 

EM 

15.1 


16.0 

* 

55 



09-19-00 

04 : 49 

EM 

16.2 


16.0 

• 

55 


c 

09-1900 

04 : 50 

EM 

15.1 


16.0 

» 

55 



09-19-00 

04 : 5 1 

EM 

14.8 


16.0 

« 

55 



09-19-00 

04 : 52 

EM 

16.6 


16.0 

t 

55 

% 

r 

09-19-00 

04 :r,3 

EM 

16.4 


16.0 

t 

55 

V X 


09-19-80 

04:54 

EM 

13.0 


16.0 

« 

55 

A 
4T *•« 


INDIVIDUAL 

MUIS HIRE 

CONTENT READING 

IS 

TOO LOU 



r V 

r 

09-19-80 

04155 

EM 

17.3 


16.0 

t 

55 

% •- 


09 19 80 

04156 

FM 

12.9 


15.9 

* 

55 

*■% 


INDIVIDUAL 

MOISTURE 

CONTENT READING 

IS 

TOO LOU 




f 

09-19 80 

04:57 

EM 

17.5 


16.0 

« 

55 

1 . 


09-19-00 

04158 

EM 

16. 1 


16.0 

• 

55 

« rr 
2 


09-1900 

04159 

EM 

17.1 


16.0 

« 

55 

"4 *£ 

( 

09-19-00 

or.: oo 

EM 

15.3 


16.0 

• 

55 



09 1 9 80 

05:01 

FM 

15.1 


15.9 

1 

55 



09-19-80 

05102 

EM 

16.4 


16.0 

• 

55 


( 

09-19-80 

05103 

FM 

17.3 


16.0 

« 

55 



09-19-80 

05104 

FM 

17.2 


16.0 

t 

55 



09-19-80 

05 J 05 

EM 

15.1 


16.0 

« 

55 


( 

09 1 9 80 

05106 

EM 

15.1 


16.0 

♦ 

55 



09-19-80 

05J07 

EM 

15.1 


16.0 

t 

55 



09 -19-80 

05108 

EM 

17.2 


16.0 

• 

55 


( 

09 19 80 

05109 

EM 

18.9 


16.0 

t 

55 



I NO I VI DUAL 

Mill 5 TORT 

CONTENT READING 

IS 

TOO MI (ill 





0? ! 9 80 

05M0 

EM 

15.0 


16.0 

t 

55 


( 

09-19 no 

05 : 1 t 

EM 

16.5 


16.0 

« 

55 



09 19 80 

or. : 1 2 

EM 

16.2 


16.0 

f 

55 



09-19-80 

0511 3 

EM 

16.1 


16.0 

• 

55 


( 

09-19 00 

051 1 4 

FM 

17.3 


16.0 

« 

55 



09 i 9 no 

or : 1 5 

EM 

1 7. t 


16.0 

t 

55 



fa 





V* 


09 19-JIO 
OV - I 9-00 
09 1? 80 
09-19-80 
09-19-00 
09 |9 no 

09 I? I'.. 
Ov 19 80 

individuai 

09 19 80 
09-19 80 
0? 19-80 
09 19-80 
inii io j in loi. 
09 -19-80 
INDIVIDUAL 
09 19-80 
09-19-80 
I Nil I VI HI 101 
09 19 80 
09 -19-80 
09 -19-00 


on: i 7 rn 
os : i o i m 
on : i 9 fm 
on: 20 fm 
on :2i rh 

05122 PH 

05123 FH 

05124 IM 
HOISTURI 

05125 PH 

05126 FM 

or ,: 27 pm 
on : 28 fm 

MOISTURE 
on: 2? fm 

MOISTURE 

on: 30 tm 

05:31 IM 
MOISTURE 
or.: 32 im 
on: 33 im 
or.: 34 tm 


16. 4 
16.8 

15.0 
16.7 

17.1 

15.0 

16.9 

18.5 

CONTENT READING 

16.2 

16.0 
16.0 

19.1 

CONTENT RE OH TNG 

18.9 

CONTENT READING 
17. 1 
18.9 

CONTENT READING 

16.1 
16. 1 
17.2 


( 


t 55 
9 55 

# 55 

t nr, 

# nr, 

# nn 

f 55 
t 55 

# 55 

# 55 

# 55 
I 55 

» 55 

f 55 
t 55 

t 55 

# 55 
t 55 





Outgoing grain performance test 


UIIAI IS THL HA IF"? 

0 ? I? -no 

IJIIAI F I HI Ulll T Mi: READINGS BEGIN? 

0/: 10 F M 

UIIAI IS IMF Ilf I I R LIMIT LOR AN INDIVIDUAL MOISTURE CONTENT READING? 

1 /* . 2 

IIIAI IS Mir. LOWER LIMIT FOR AN INDIVIDUAL MOISTURE CONTENT READING? 
1 4 # 9 

UIIAI IS IMF UPPER LIMIT FOR AVERAGE MOISTURE CONTENT? 

15. n 

UIIAI IS MIL LOWER LIMIT TOR AVERAGE MOISTURE CONTENT? 

I r i . O 

IS GRAIN REIMS UNI HADED? 

NO 

WHAT IS GRAIN DEI NR LOADED ONTO? 

BARGE I 20 

AF IROXIMAIELY HOW MANY READINGS WILL IT TAKE TO l OAD THE GRAIN? 

1 20 . 0 

UIIAI IS THL DESIRED FINAL AVERAGE MOISTURE CONTENT? 

IS . 4 

HOW MANY READINGS SHOULD TASS RE I WEEN EACH CALCULATION Or DESIRED 
MO I STORE CONTENT FOR THE REMAINDER OE THE GRAIN? 

10 


DATE 


TIME 


INDIV MC(Zub) 

09 

19 

-80 

07 

110 

PM 

15. 

0 

09- 

19 

-00 

07 

1 1 1 

PM 

15. 

3 

09- 

19 

80 

07 

112 

FM 

14. 

9 

09— 

19 

no 

0 7 

1 13 

PM 

14. 

9 

09- 

19 

80 

07 

1 1 4 

F n 

15. 

0 

09 

19 

no 

07 

1 15 

PM 

15. 

1 

09- 

19 

-80 

07 

I 1A 

PM 

14 . 

9 

09- 

19 

no 

07 

117 

F M 

15. 

1 

09- 

19 

-80 

07 

i in 

PM 

15. 

0 

09- 

19 

-80 

07 

119 

PM 

15. 

1 

TIIF 

RI MA I NR! R 

OF 

IMF 

GRAIN SFIHUI Ii II 


AVG HC(Zub) 

GRAIN 

DESTINATION 

15.0 

DARGE 

• 

20 

15.2 

BARGE 

» 

20 

15. 1 

BAF-f-l 

• 

20 

15.0 

BARGE 

t 

20 

15.0 

BARGE 

* 

20 

15.0 

BARGE 

* 

20 

15.0 

DARGE 

« 

20 

15.0 

BARGE 

« 

20 

15.0 

BARGC 

« 

20 

15.0 

BARGC 

• 

20 


E AN AVERAGE MC PERCENT OF 15.4 


0? 19-80 
09-19-80 
09 19-80 
I NR 1 V I DIIAI 
AV | ? 80 


07120 PM 15.1 15.0 

07121 FM 15.2 15.1 

0/122 PM 14.7 15.0 

MOISTURE CONTENT READING IS TOO LOU 
07 1 2.1 T M 15.0 15.0 


DARGE * 20 
BARGE * 20 
DARGE • 20 


BARGE I 20 





ov -19-o-J 

0/:?4 

PM 

15.1 


15.0 

DARGL 

t 

20 

c 

09-19 no 

07;?:, 

FM 

14.8 


15.0 

BARGE 

« 

20 


09 19 no 

o/:?/> 

r m 

15.0 


15.0 

BARGE 

» 

20 


09 -19-80 

0/527 

FM 

14.9 


15.0 

BARGE 

* 

20 

1 

o? 19 no 

07528 

TM 

15.0 


15.0 

BARGE 

t 

20 


09 19-80 

07529 

FM 

14.9 


15.0 

BARGE 

» 

20 

{ 

Till: REMAINDER Of 

1IIE 

GRAIN SHOULD HAVE 

AN AVERAGE 

ME PERCENT 

or 


09-19-00 

07 5 30 

TM 

14.9 


15.0 

BARGE 

t 

20 

( 

09 19-80 

07 5 31 

I M 

14. A 


15.0 

BARGE 

* 

20 


I NOT V 1 1*1101 

MOISTURE 

CONTENT READING 

IS 

TOO LOU 





09 19-80 

07 5 32 

r-M 

14.9 


15.0 

BARGE 

• 

20 

< 

09 19 80 

07 5 33 

em 

14.9 


15.0 

BARGE 

« 

20 


09 19 no 

07534 

FM 

14.8 


15.0 

BARGE 

t 

20 

< 

09 | 9 80 

0/5 35 

TM 

15.1 


15.0 

BARGE 

f 

20 

09-1 9 -no 

07 5 3/, 

FM 

14.7 


15.0 

BARGE 

« 

20 


INDIVIDUAL 

MOISTURE 

CONTENT READING 

IS 

TOO LOU 




r 

09 19-00 

07537 

PM 

14.9 


15.0 

BARGE 

• 

20 

09 - 1 9 -BO 

07530 

FM 

15.2 


15.0 

BARGE 

• 

20 


09-19-80 

0/539 

PH 

14.9 


15.0 

PARGE 

« 

20 

< ' 

llli: REMAINDER OP 

THE 

GRAIN SHOULD HAVE 

AN AVERAGE 

MC PERCENT 

or 

r 

09-19 no 

07 5 40 

EM 

15.1 


15.0 

BARGE 

t 

20 

09-19-80 

07541 

IH 

15.0 


15.0 

PARGE 

» 

20 


09-19-00 

07 5 42 

PM 

14.8 


15.0 

PARGE 

» 

20 

o 

09-19-00 

07 5 43 

r-M 

15.1 


15.0 

BARGE 

« 

20 

09-19-80 

075 44 

r-h 

14.0 


15.0 

PARGE 

* 

20 


09-19-00 

07545 

FM 

15.0 


15.0 

BARGE 

• 

20 

r' 

• 

09-19-80 

07 5 46 

EM 

15.0 


15.0 

BARGE 

* 

20 

09 19-80 

07547 

FM 

15.3 


15.0 

BARGE 

• 

20 


09 19 00 

075 40 

FM 

14.9 


15.0 

BARGE 

1 

20 


09-19 no 

07549 

EM 

15.1 


15.0 

BARGE 

• 

20 


THE REMAINDER Of 

THE 

GRAIN SHOULD HAVE 

AN AVERAGE 

MC PERCENT 

OF 

C) 

09-19-00 

07150 

EM 

14.9 


15.0 

BARGE 

t 

20 


09-19-00 

07551 

EM 

14.9 


15.0 

BARGE 

« 

20 


09-19-00 

075',? 

EM 

14.0 


15.0 

PARGE 

« 

20 

( 

09-19-80 

07153 

EM 

14.9 


15.0 

BARGE 

• 

20 


09-19-00 

07554 

PM 

14.9 


15.0 

BARGE 

« 

20 


09 19-80 

07155 

EM 

14.8 


15.0 

BARGE 

t 

20 

r 

09-19-80 

0/S5A 

EM 

14.7 


15.0 

BARGE 

« 

20 


INDIVIDUAL 

MOISTURE 

CONTENT READING 

IS 

TOO LOU 





09 19-00 

07 5 5 7 

EM 

15.2 


15.0 

BARGE 

• 

20 

( 

09 19-00 

07550 

EM 

14.8 


15.0 

BARGE 

• 

20 


09-19 00 

07559 

EM 

14.0 


15.0 

PARGE 

« 

20 

i . 

Till REMAINDER OF 

THE 

GRAIN SHOlll D HAVE 

AN ALT RART 

MF PERFFN T 

or 


15.5 




t 


07 17 PV 

ou : 00 

Pit 


15.2 



15.0 

PARSE 

1 

20 

09-19-80 

ontoi 

PM 


15.0 



15.0 

PARGE 

• 

20 

09-19-00 

on: 02 

PM 


15.0 



15.0 

PARGE 

* 

20 

09-19-00 

00503 

PM 


14.0 



15.0 

PARGE 

* 

20 

09-19-00 

00 5 04 

PM 


15.0 



15.0 

PARGE 

1 

20 

09-1900 

00 5 05 

PM 


15. 1 



15.0 

PARGE 

t 

20 

ov-19-no 

on:o6 

PM 


14.8 



15.0 

PARGE 

• 

20 

09-19-00 

00507 

PM 


15.0 



15.0 

PARGE 

t 

20 

09-19-80 

00 5 00 

PM 


14.9 



15.0 

PARGE 

t 

20 

0°- 1 9-00 

00 5 09 

PM 


14.7 



15.0 

PARGE 

• 

20 

INDIVIDUAL 

MOISTURE 

CONTENT READING 

IS 

TOO LOU 




THE REMAINDER UL 

THE 

GRAIN SHOUt 

P HAVE 

AN AVERAGE 

MC PERCENT OE 15.0 

09-19-80 

00 5 10 

PM 


14.0 



15.0 

PARGE 

• 

20 

09-19-00 

005 1 1 

PM 


14.9 



15.0 

PARGE 

« 

20 

09 19 80 

00 5 1 2 

PM 


15.0 



15.0 

PARGE 

t 

20 

09-19-00 

005 13 

PM 


14.9 



15.0 

PARGE 

• 

20 

09-19-00 

005 14 

PM 


15.0 



15.0 

PARGE 

• 

20 

09-19-00 

005 15 

PM 


14.7 



14.9 

PARGE 

• 

20 

INDIVIDUAL 

MOISTURE 

CONTENT READING 

IS 

TOO LOU 




AVERAGE MOISTURE 

CONTENT 

IS TOO 

LOU 






09-19-00 

085 16 

PM 


14.8 



14.9 

PAPGE 

» 

20 

AVERAGE MOISTURE 

CONTENT 

:s TOO 

LOU 






09-19-80 

005 17 

PM 


14.0 



14.9 

PARGE 

» 

20 

AVERAGE MOISTURE 

CONTENT 

IS TOO 

LOU 






09-19-80 

005 18 

PM 


14.6 



14.9 

PARGE 

« 

20 

INDIVIDUAL 

MOISTURE 

CONTENT REAPING 

IS 

TOO LOU 




AVERAGE M01 

[STURE 

CONTENT 

IS TOO 

LOU 






09-19-80 

085 19 

PM 


14.0 



14.9 

PARGE 

• 

20 

AVERAGE MOISTURE 

CONTENT 

IS TOO 

LOU 







THE REMAINDER OE THE GRAIN SHOULD HAVE AN AVERAGE MC PERCENT Or 1A.1 

U 


WAIT MODE 

R 

RUN MODE 


t 



09-19-B0 OR 5 22 PM 16.0 15.0 

09-19-80 OH 5 23 PM 13.2 14.9 

INDIVIDUAL MOISTURE CONTENT READING IS TOO LOU 
AVERAGE MOISTURE CONTENT IS TOO LOU 
09-19-00 08124 PM 1A.3 14.9 

INDIVIDUAL MOISTURE CONTENT READING IS TOO HIGH 
AVERAGE MOISTURE CONTENT IS TOO LOU 
09-19-GO 00 J 25 PM 1A.0 15.0 

09-19-00 00:?A TM 1A.2 15.0 

09-19 -00 00 J 27 PM 1 A • 1 15.0 

0^-19-00 00:20 pm 1/..1 r..n 


PARGE t 20 
PARGE t 20 


PARGE t 20 


PARGE « 20 
PARGE • 20 
BARGE • 20 

r-Atrr • 


•"•A 



I 

ov- i?-no 

OU : 29 

PM 

16. 1 


15.0 

BARGE 

• 

20 




09-19-00 

o\i : 30 

PM 

16.1 


15.0 

BARGE 

• 

20 



0 

09-19-00 

00131 

PM 

16.2 


15.1 

PARGE 

• 

20 




THE REMAINDER 01 

THE 

GRAIN SHOULD HAVE 

AN AVERAGE 

MC PERCENT 

or 

16.1 


( 

09-19 00 

00132 

PM 

16.2 


15.1 

BARGE 

• 

20 




09- 19- HO 

on: 13 

PM 

16.1 


15. 1 

BARGE 

• 

20 




09-19-00 

00 134 

PM 

16.3 


15.1 

BARGE 

« 

20 



< 

INDIVIDUAL 

MOISTURE 

CONTENT READING 

IS 

TOO HIGH 







09-1? no 

on : 35 

PM 

16.2 


15.1 

BARGE 

• 

20 




09-19-00 

00136 

PM 

15.9 


15.1 

BARGE 

« 

20 



r • 

09 19 00 

00137 

PM 

16.0 


15.1 

BARGE 

« 

20 




09-19 00 

001 S8 

PM 

16.0 


15.1 

BARGE 

• 

20 




0? 19-00 

on: 39 

PM 

16.5 


15.2 

BARGE 

t 

20 



f ■ 

INDIVIDUAL 

MUTSTIIRE 

CONTENT READING 

IS 

TOO HIGH 







0919-00 

on mo 

PM 

15.9 


15.2 

BARGE 

• 

20 



c 

09 -19-00 

on mi 

PM 

15.9 


15.2 

BARGE 

• 

20 




THE REMAINDER Of 

THE 

GRAIN SHOULD HAVE 

AN AVERAGE 

MC PERCENT 

or 

16.1 


0 

09-19 RO 

on M2 

PM 

15.9 


15.2 

PARGE 

« 

20 




0919-00 

on M3 

PM 

16.3 


15.2 

BARGE 

« 

20 




INDIVIDUAL 
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